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ABSTRACT 
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INTRODUCTION 


Throughout  the  history  of  firearms,  gun  noise  haa  been  of  con¬ 
siderable  concern  to  the  military.  Prior  to  firing,  anticipation  of  the 
ear  shattering  affects  tends  to  make  the  gunner  flinch,  resulting  in 
a  consequent  deterioration  of  his  aim.  After  firing,  the  gunner  is 
usually  in  a  state  of  temporary  deafness.  To  the  enemy,  gun  noise 
reveals  presence  and,  often,  the  location  of  the  firer,  thus  inviting 
defensive  or  offensive  reaction.  From  the  above  alone  it  becomes 
evident  that  a  "silent”  weapon  is  to  be  lound  indispenable  in  covert 
operations. 

Of  the  various  noises  associated  with  firi:  •?  a  conventional 
small  arms  weapon,  the  most  significant  is  the  muxsle  blast  caused 
by  escape  of  propellent  gases  aft  or  the  projectile  exits  from  the 
barrel.  Hundreds  of  patents,  war  and  police  records,  and  other 
literature  are  witness  to  the  efforts,  for  nearly  a  century,  to  elimi¬ 
nate  small  arms  muar.lt  blast.  Notwithstanding  time,  effort,  and 
interest,,  no  completely  satisfactory  silenced  weapon  has  yet  been 
produced. 

The  lack  of  theoretical  literature  on  silencing  a  firearm  testifies 
to  the  still  inadequate  understanding  of  the  principles  of  sound  gener¬ 
ation  ami  attenuation  in  a  small  arms  weapon.  Perhaps  the  failure  to 
theoretically  define  noise  problems  can  be  attributed  to  the  virtual  non- 
existence  of  thorough  and  reliable  experimental  sound  data  from 
existing  silenced  and  unsilenced  weapons.  This  lack  of  experimental 
data  is  partially  due  to  only  recent  development  of  adequate  sound 
measuring  equipment*®*  and  partially  due  to  the  complexity  of  the 
problem. 

This  report  is  intended  to  give  an  insight  into  the  present  state 
of  knowledge  of  silencing  a  small  arms  weapon.  Essentially,  the 
contents  consist  of  physical,  functional,  and  acoustical  data  on  an 
array  of  silenced  weapons  felt  to  be  represents! "re.  The  sound  eval¬ 
uation  presented  here  is  cursory,  primarily  because  of  the  complexity 
of  the  problem.  First,  the  gun  muzzle  noire  is  only  one**  of  the  many 
possible  noises  being  generated  by  euch  given  system.  Second,  the 
sound  of  interest  is  directional  and  attenuates  nonlinearly  with  distance. 


*See  Bibliography. 
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See,  for  example  Appendices  A  and  B 
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Third,  terrain  and  weather  have  a  paramount  effect  on  the  noise  being 
perceived  in  the  far  field.  Fourth,  the  physiological  response  of  a 
listener  to  a  given  sound  is  very  strongly  dependent  on  the  background 
noise  and  on  his  current  psychological  state.  Many  of  th^  above 
problems  are  too  involved;  others  are  beyond  the  scope  of  present 
theoretical  knowledge.  The  results  presented  herein  are  only  those  felt, 
to  be  essential  and  experimentally  reproducible. 

All  sound  measurements  presented  were  taken  in  the  far  field 
and  directly  to  the  side  of  the  weapon.  This  permitted  application  of 
the  linearized  acoustic  theory  and  prerented  an  undistorted  sequence 
of  acoustical  events.  The  sound  signature  of  each  weapon  described 
was  recorded  in  pressure“time  coordinates  sufficiently  expanded  to 
show  each  major  constituent  of  the  muzzle  noise.  Identification  of 
each  major  round  source  wns  accomplished  through  time -correlation 
of  the  sound  scope  trace  with  the  various  weapon  functions  occurring 
during  the  firing  cycle. 

A  bibligoraphy  of  books,  reports,  and  patents  pertinent  to  si¬ 
lencing  a  weapon  Is  included  for  reference.  Worxs  pertaining  more 
to  basic  sciences  were  included  only  when  specific  reference  was  made 
to  such  works  in  preparation  of  this  report.  A  few  of  the  fragmentary 
theoretical  efforts,  directly  pertinent  to  silencing  a  weapon,  are  pre¬ 
sented  as  appendices. 


SILENCER  PRINCIPLES 


Muzzle  noise  of  small  arms  weapons,  silenced  or  unsilenced, 
occurs  due  to  the  following; 

1.  Air  or  propellent  gas  discharge  preceding  the  projectile 
exit.  This  consists  primarily  of  the  precursor  wave  phenomenon 
and  tne  propellent  gas  biow-by  (and,  ol  course,  reflections  of  these 
two  inside  the  system). 

2.  Projectile  emergence  and  abrupt  volumetric  displacement 
of  the  air  mass  by  the  projectile  at  the  weapon  muzzle.  This  effect, 
although  insignificant  in  unsilenced  weapons,  requires  attention  in 
silenced  systems. 
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3.  Air  or  propellent  gat  discharge  (or  inflow)  following  pro¬ 
jectile  exit.  This  consists  essentially  o£  the  initial  uncorking  of 
internal  system  pressure,  the  subsequent  discharging  jet  turbulence, 
and  the  affects  due  to  reflections  of  these  inside  the  system. 

The  three  noise  sources  are  relatively  independent  of  each  other  and, 
consequently,  require  different  techniques  for  their  attenuation.  Thus, 
when  designing  or  evaluating  a  silenced  weapon  it  is  usually  necessary 
to  treat  each  noise  source  individually. 

A  projectile  traveling  in  a  gun  barrel  accelerates  and  compresses 
the  air  immediately  ahead  of  it.  The  precursor  pressure  wave  thus 
generated  is  substantial  in  most  weapons,  even  the  ones  with  subsonic 
projectile  velocities.  Prior  to  exit  from  the  gun  barrel,  the  precursor 
wave  front  generally  consists  of  a  shock  which  reaches  a  pressure  of 
several  atmospheres.  Upon  exit  from  the  gun  barrel,  the  precursor 
wave  gives  rise  to  a  positive  sound  pulse  in  the  far  field.  The  sound 
pulse  is  generally  of  a  sawtooth  configuration,  beginning  with  a  shock 
and  ending  with  an  exponential  pressure  decay  with  time.  In  some  si¬ 
lenced  weapons  this  precursor  sound  pulse  constitutes  the  dominant 
noise  source. 

Tiie  abrupt  exit  of  the  projectile  Itself  generates  a  substantial 
noise  in  some  silenced  weapons.  This  is  especially  common  in  weap¬ 
ons  whose  silencer  exits  are  partially  or  completely  restricted  by 
flexible  materials,  such  as  sponge,  rubber,  felt,  etc.  In  these  cases 
the  exterior  surfaces  of  deforming  flexible  material  and  the  moving 
projectile  generate  sound.  To  a  certain  extent  the  same  phenomenon 
also  exists  when  the  projectile  emerges  through  a  hole  in  a  baffle. 

These  effects  can  be  expected  to  occur  even  when  the  projectile  is 
neither  followed  nor  preceded  by  high  gas  or  air  pressures.  The 
sound  signature  in  the  far  field  due  to  abrupt  projectile  emergence 
from  the  muzzle  consists  usually  of  an  N- wave  pulse.  The  magnitude 
of  this  pulse  depends  primarily  on  the  projectile  velocity,  diameter, 
and  length,  and  on  the  silencer  muzzle  configuration.* 

In  an  unsilenced  subsonic  weapon,  the  hot  propellent  gases  dis¬ 
charging  into  the  atmosphere  after  the  projectile  exit  constitute  the 
dominant  source  of  muzzle  noise.  The  initial  sound  pulse  is  generally 
similar  in  shape  to  the  precursor  pulse  described  above,  but  substantially 


*This  phenomenon  is  not  to  be  confused  with  designations  on  scope 
traces  where  "Projectile  Exit"  is  meant  to  represent  the  general 
time  of  an  event. 
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greater  in  magnitude.  In  many  unsilenced  weapons  this  muzzle 
blast  exceeds  the  limits  of  thefirer's  auditory  safety  and  can  be  of 
sufficient  magnitude  to  stun  him.  In  silenced  weapons,  the  major 
portion  of  the  propellent  gas  generally  escapes  into  the  atmosphere 
after  the  projectile  exists  from  the  silencer.  However,  by  this  time 
the  gases  have  expanded  to  the  total  volume  of  the  system  and  the 
gas  pressure  behind  the  exiting  projectile  is  low  with  a  correspondingly 
low  resulting  sound  pulse  pressure.  The  sound  pulse  is  again  similar 
in  shape  to  the  precursor  pulse;  however,  it  may  be  further  modified  b- 
wave  reflections  within  the  silencer. 

Blow-by  is  the  leakage  of  propellent  gases  past  the  projectile 
while  it  is  still  inside  the  weapon.  This  condition  occurs  due  to  any 
significant  clearance  between  the  projectile  and  the  gun  barrel  or 
silencer.  Since  the  accuracy  of  the  weapon  is  generally  impaired  if 
the  projectile  touches  any  hard  surface  after  leaving  the  gun  barrel, 
most  silence  s  are  designed  with  an  adequate  projectile  clearance. 

In  some  silencers  this  clearance  is  so  large  that  a  good  portion  of  the 
propellent  gas  escapes  prior  to  projectile  exit,  and  blow-by  represents 
a  significant  sound  so  iree  in  the  system.  The  blow-by  sound  pulse  io 
generally  a  positive  shock,  followed  by  an  exponential  pressure  decay. 

In  come  cases,  when  the  projectile  velocity  is  high,  the  blow-by  can 
arrive  at  the  silencer  exit  at  almost  the  same  time  as  the  projectile. 

In  this  case  the  blow-b/  sound  pulse  will  merge  with,  rather  than  pre¬ 
cede,  the  main  gas  discharge  sound  pulse. 

Theoretically,  a  gas  or  air  jet  discharging  into  the  atmosphere 
at  a  steady  rate  should  not  generate  any  significant  noise.  However, 
due  to  turbulence?0  vorticity,  and  reverberation  wittun  the  jet  orifice, 
some  flow  fluctuation  usually  does  occur.  In  some  cases,  this  flow  fluc¬ 
tuation  is  a  significant  source  of  noise  (jet  planes,  turbines,  etc.  ,  are 
examples).  In  silencers,  jet  noise  is  generally  substantially  lower 
than  precursor,  blow-by,  or  blast  noise.  However,  in  oome  silencers 
the  jet  noise  becomes  predominant.  This  is  especially  the  case  when 
precursor,  blow-by,  and  blast  effects  are  substantially  attenuated, 
as  in  the  Maxin  and  Sten  gun  silencers.  The  jet  noise  can  also  become 
significant  when  the  silencer  baffle  spacing  is  such  that  the  baffled 
chamber  resonance  corresponds  to  the  natural  frequency  of  the  dis¬ 
charging  jet.  In  such  cases  both  the  amplitude  and  the  dominant  fre¬ 
quency  of  the  jet  noise  can  be  substantially  altered  by  changing  the 
baffle  spacing  within  the  silencer. 
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Presently  the  exact  relationship  between  a  sound  signature  and 
the  corresponding  effects  occuring  in  a  silenced  weapon  ir  only  vaguely 
defined.  It  is  known,  however,  that  generally  the  magnitude  and 
duration  of  any  given  sould  pulse  are  primarily  dependent  on  the 
area  through  which  a  quantity  of  propellent  gas  or  air  is  discharged 
to  the  atmosphere  and  on  how  this  discharge  varies  with  time.  * 

In  most  silenced  weapons  the  gas  discharge  area  of  interest  is 
the  silencer  muzzle  opening.  However,  to  predict  the  gas  discharge 
from  the  muzzle  prior  to  projectile  exit,  considerarion  must  also 
be  given  to  blow-by  clearances,  volume,  and  internal  configuration 
of  the  silencer.  The  gas  discharge  rate  of  a  pressurized  chamber  or 
tube  is  determined  by  both  the  discharge  area  and  the  stagnation 
pressure  of  the  gas.  2  The  stagnation  pressure  varies  inversely  with 
the  volume  containing  the  gas.  Thus,  the  silencer  volume  becomes 
a  primary  factor  in  determining  the  gas  discharge  rate  immediately 
following  projectile  exit.  Any  significant  change  in  the  silencer  vol¬ 
ume  results  in  a  corresponding  change  of  the  projectile  exit  sound 
pulse  magnitude.  In  the  case  of  system  blow-by,  the  sound 
pulse  is  more  dependent  on  the  blow-by  clearances,  although  often 
other  factors  also  become  significant.  With  the  precursor  wave, 
much  lower  pressures  are  encountered,  and  the  more  dominant  role 
is  played  by  silencer  length.** 

The  propellent  gas  pressure  can  also  be  reduced  by  heat  ab¬ 
sorption.  One  method  of  effecting  substantial  heat  absorption  in  the 
silencer  is  to  increase  the  contact  surface  between  the  hot  propellent 
gas  and  the  heat  absorbent  silencer  material.  The  heat  conduction 
is  maximized  by  using  materials  with  high  heat  conductivity  (s.g.  , 
copper  is  good)  and  by  exposing  the  gas  to  the  heat  absorbent  mate¬ 
rial  early  in  the  expansion  process  when  the  temperature  differential 
is  greatest.  A  good  example  of  the  heat  absorbing  technique  is 
found  in  silencers  utilizing  steel  wools  and  wire  screening.  In  most 
cases,  however,  the  heat  absorption  is  limited  by  the  short  ballistic 
cycle  times  encountered  in  small  ar me  weapons. 

Another  method  of  effecting  large  heat  losses  in  the  silencer  is 
to  introduce  a  foreign  substance,  preferably  a  highly  volatile  solid 
or  liquid,  into  the  propellent  gas  just  prior  to  projectile  exit  from  the 
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silencer.  The  substance  evaporates  by  absorbing  heat  from  the 
propellent  gas  thus  reducing  the  internal  pressure.  The 
presumably  successful  application  of  this  technique  is  to  soak  the 
silencer  wire  screening  in  oil.  Water  is  also  usable,  but  may  pres¬ 
ent  corrosion  problems.  The  general  principle,  although  not  thoroughly 
investigated  in  the  past,  seems  to  have  good  possibilities. 

From  the  foregoing  it  becomes  evident  that  the  sound  signatures 
of  most  conventional  silenced  weapons  are  primarily  determined  by 
the  silencer  length,  volume,  blow-by  clearance,  and  heat  absorbing 
capability.  Since  in  most  silencer  s  the  heat  losses  are  small,,  the 
usual  silencer  components  (such  as  baffles,  "devious  passages," 
etc.)  have  their  main  significance  only  in  altering  or  reducing  blow-by. 

Several  exceptional  silencing  techniques*  deserving  mention 
may  now  be  added  to  the  above  described  principles.  H.  P.  Maxim, 
in  the  early  1900's,  patented  and  manufactured  a  relatively  successful 
silencer  with  specially  formed  baffles.  These  baffles  channeled  the 
expanding  propellent  gases  into  a  peripheral  motion  within  the  silencer. 
The  generated  vortex  reduced  the  pressure  at  the  center,  thus  reducing 
the  propellent  gas  discharge  rate  from  the  silencer.  Although  to  date 
the  principle  lacks  conclusive  theoretical  and  experimental  verification, 
superficially  it  seems  sound.  Except  for  the  vortical  gas  motion,  the 
Maxim  silencer  performed  according  to  the  principles  previously 
described. 

-Juring  World  War  II,  Germany  developed  several  experimental 
silencers.  One  interesting  version  incorporated  conical  baffles,  equally 
spaced  along  the  silencer  and  inclined  rearward.  Although  this  tech¬ 
nique  would  not  be  expected  to  reduce  the  initial  propellent  gas  dis¬ 
charge  rate  after  projectile  exit,  it  does  have  a  natural  tendency  to 
reduce  the  precursor  and  the  blow-by.  This  reduction  can  be  attributed 
to  the  efficient  inward  reflection  of  all  outgoing  pressure  waves  within 
the  silencer. 

Some  of  the  above  German  World  War  II  silencers  incorporated 
a  flexible  (sponge,  rubber,  etc.)  disk  at  the  silencer  exit  (patented 
1936  in  Germany).  The  disk  closes  off  the  internal  silencer  cavity  un¬ 
less  forced  open  by  the  exiting  projectile.  In  this  way  the  propellent  gas 
is  retained  within  the  system  until  it  slowly  3eeps  out.  The  rigidity  of 
the  disk  ideally  would  be  such  tliat  the  precursor,  blow-by,  and  ex¬ 
panding  blast  pressures  would  not  deform  it  and  yet  the  projectile  could 
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force  ita  way  through.  A  variation  of  the  technique  iB  to  distribute 
a  series  of  these  flexible  disks  throughout  the  length  of  the  silencer. 
This  design  was  utilized  in  some  versions  of  British  World  War  II 
Sten  guns  and  Welrod  pistols. 

Most  silencers  discharge  the  propellent  gas  solely  through  the 
silencer  opening.  A  variation  of  this,  not  often  encountered,  is 
discharging  pressurized  gas  through  the  periphery  of  the  gun  barrel 
or  silencer.  Although  the  technique  as  described  in  some  silencer 
patents  was  probably  unsuccessful,  with  proper  gas  discharge  dis¬ 
tribution  and  timing  this  silencer  type  could  prove  very  effective 
acoustically. 

A  few  of  the  early  silenced  weapon  patents  described  mechanical 
means  for  restricting  the  rapid  propellent  gas  discharge  after  pro¬ 
jectile  exit  from  the  weapon.  One  of  these  prescribed  the  use  of  a 
metal  gate  to  close  the  gun  barrel  immediately  after  projectile  pas¬ 
sage.  The  gate  in  this  case  was  to  be  driven  directly  by  the  propellent 
g&s  following  the  projectile.  Other  patents  described  the  same 
principle,  but  added  a  side-branch,  gas-driven  piston  to  activate  the 
gate.  Another  patent  described  a  weapon  in  which  the  projectile  was 
driven  by  a  piston  of  slightly  larger  diameter.  The  piston  was  to  be 
stopped  at  the  chocked  barrel  muzzle  while  the  projectile  would  pro¬ 
ceed  to  exit.  In  this  way  the  piston  would  trap  the  propellent  gas  inside 
the  gun  barrel.  The  patent  did  not  prescribe  an  expedient  method  fer 
extracting  the  piston  from  the  barrel.  Still  another  patent  described 
an  expansion  chamber  at  fhe  barrel  muzzle  which  would  allow  expansion 
and  eventual  trapping  of  an  expandable  piston  driving  the  projectile. 

The  propellent  gas  was  to  be  trapped  behind  the  piston  and  gradually 
released  through  small  openings  in  the  chamber.  Although  all  of  the 
above  techniques  seem  sound,  more  often  than  not  they  are  plagued 
by  insurmountable  design  problems.  Even  if  the  above  systems  could 
be  made  operable,  as  described  they  would  not  be  expected  to  effect 
any  exceptional  attenuation  in  noise. 


DESCRIPTION  AND  EVALUATIONS  OF 
SILENCERS  TESTED 


An  array  of  readily  available  silencers  and  silenced  weapons  was 
tested  at  Frankford  Arsenal.  Since,  the  information  was  collected  over  an 


extended  peri*  I  of  time,  some  ot  the  sound  histories  were  recorded 
at  distances  other  than  five  meters.  All  measurements  were  made 
with  either  a  Bruel  and  Kjaer  (B&K)  ,1/4  inch  (Model  4135)  or  an  Altec, 
1/2  inch  (Model BR150)  condenser  microphone.  The  microphone  out¬ 
put  *,vas  fed  into  an  oscilloscope  (Techtronix)  and  photographed  for 
record.  In  a  few  cases  the  weapon  sound  history  was  first  recorded 
by  a  tape  recorder  (Ampex  351)  and  then  transferred  to  the  oscilloscope 
and  the  camera  film.  In  each  case  sufficient  cross-correlation  existed 
between  various  transducers  and  recording  techniques  to  render  the 
presented  data,  for  all  practical  purposes,  valid  and  reproducible. 

Throughout  the  tests  the  microphone,  preamplifier,  recording 
equipment,  and  recording  technique  were  found  to  have  a  paramount 
effect  on  the  validity  of  recorded  sound  data.  Some  microphone 
systems  were  found  to  have  insufficient  response  while  others  dis¬ 
torted  the  signal  with  resonance.  Both  Altec  and  B&K  microphone 
systems  showed  a  pronounced  tendency  to  distort  the  signal  when 
measuring  low  intensity  shock  waves.  They  were  almost  completely 
free  from  resonance  at  higher  scw.ii  levels.  Although  the  specified 
frequency  responses  of  Altec.  andB&K  microphones  are,  respectively, 
11,000  and  75,000  cps,  both  gave  relatively  comparable  results  for 
the  purpose  at  hand.  The  tape.  recoi  :'trs  are  generally  not  recom¬ 
mended  for  recording  shock  type  sounds,  primarily  because  of  their 
slow  response  (usually  not  higher  than  20,000  cps)  and  vulnerability 
to  overloading.  With  care,  however,  useful  data  can  be  recorded. 

Another  problem  encountered  during  the  tests  was  the  sound 
reflection  from  the  ground.  Incases  where  both  the  direct  and  re¬ 
flected  sound  signals  were  recorded,  no  perceptiblt  loss  seemed 
to  occur  througl  reflection  from  loose  sand  and  sparse  grass.  The 
reflected  signal  was  simply  slightly  smaller  in  amplitude  for  having 
traveled  a  longer  distance  from  the  source.  Consequently,  it  was 
found  necessary  to  place  the  microphones  and  weapon  sufficiently  far 
from  the  ground  to  insure  receipt  of  only  the  primary  signal.  The 
further  from  the  gun  the  measurements  were  taken,  the  higher  the 
microphones  had  to  be  placed  off  the  ground. 

Most  si’eoe-*ra  and  silenced  weapons  tested  were  intended  for 
standard  subsonic  ammunition,  availablj  commercially.  Some 
systems,  however,  required  special  reduced  charge  cartridges.  For 
tests,  these  rounds  >.ere  preoared  with  appropriate  type  ar.d  quantity 
of  propellant  to  yield  pr  ojectile  velocities  substantially  below  the 
speed  of  sound.  Since  in  some  cases  the  projectile  velocities  intended 


by  the  system  designers  were  not  known,  it  is  possible  that  the  pre¬ 
pared  and  tested  ammunition  may  have  deviated  slightly  from  that 
intended.  It  is  doubtful,  however,  that  this  factor  could  significantly 
alter  the  sound  results  presented  herein.  Some  systems,  such  as 
the  Sten  gun,  were  designed  for  standard  supersonic  ammuntion.  in 
these  cases  the  barrel  usually  had  propellent  gas  bleed  holes  to  re¬ 
duce  the  internal  pressure,  thus  reducing  the  projectile  muzzle 
velocity. 

It  is  appropriate  at  this  point  to  describe  the  methods  whereby 
the  weapon's  major  noise  constituents,  listed  with  each  of  the  follow¬ 
ing  sound  scope  traces,  were  identified.  In  most  cases  the  first 
step  consisted  of  examination  of  a  sufficient  number  of  the  weapon's 
scope  traces  to  establish  the  recurrent  character  of  the  overall  weap¬ 
on  noise.  Next,  scope  traces  were  taken  with  the  whole  weapon,  ex¬ 
cept  the  muzzle,  wrapped  with  attenuating  material  (a  suede  leather 
jacket  was  found  to  be  a  remarkably  good  attenuator).  Noting 
the  noise  components  on  the  trace  thus  attenuated  or  completely  e- 
liminated,  positive  identification  was  made  of  the  weapon's  breech 
noise  and  the  first  noiee  emitted  from  the  weapon  muzzle.  Following 
this,  scope  traces  were  made  with  the  weapon  muzzle  taped  over  with 
heavy  elastic  tape.  This  determined  the  relative  time  of  projectile 
exit  from  the  weapon. 

The  mechanical  noises  due  to  the  weapon  hammer  and  firing 
pin  fall  alone  were  determined  by  dry  firing  the  weapon.  In  weapons 
with  detachable  silencers,  the  precursor  shock  exit  time  was  es¬ 
tablished  from  scope  traces  of  the  weapon  fired  without  the  silencer. 
Next,  an  impulse-time  diagram  was  constructed  from  the  scope 
trace  of  the  overall  unmodified  weapon  noise.  This  established  an 
approximate  relationship  between  .he  propellent  gas  discharge  history 
of  the  weapon  and  and  the  scope  trace. 

The  times  of  the  various  r.oise-producir.g  processes  occurring 
in  the  weapon  during  the  ballistic  cycle  were  calculated  from  the 
known  or  estimated  projectile  travel-time  history.  Analysis  of  all 
calculated  and  experimentally  established  data  led  to  identificaticn 
of  the  major  weapon  r.oite  sources  listed  with  the  following  sound 
scope  traces. 

In  practice,  all  sound  measurements  and  loudness  judgements 
are  made  in  the  presence  of  some  type  of  background  noise.  Although 
the  apparent  loudness  of  a  signal  can  often  be  altered  substantially 
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by  the  background  noise,  presently  there  is  no  satisfactory  means  for 
predicting  this  masking  effect.  However,  it  is  known  that  when  the 
sourd  pressure  level  (SPL)  of  a  continuous  signal  exceeds  the  SPL 
of  background  noise  by  more  than  10  db,  the  effects  of  background 
noise,  for  nil  practical  purport  s,  can  be  neglected.  If  the  same 
criterion  is  assumed  for  transient  noises,  then  masking  of  the  weap¬ 
on  noise  by  the  backgorund  noise  should  become  significant  only  when 
the  background  sound  pressure  exceeds  about  a  third  of  the  weapon 
sound  pressure.  All  Frankford  Arsenal  sound  traces  were  made  with 
the  background  noise  well  beiow  this  limit. 


Caliber  .22  Hi-standard  Pistol/French  Silencer 


The  "French"  silencer  is  a  recently  manufactured  item,  designed 
for  a  caliber  .  22  or  a  slightly  larger  caliber  weapon.  In  all  respects 
other  'ban  that  its  baffles  are  not  perforated,  this  silencer  of  French 
origin  is  identical  to  a  Parker-Hale  "Sound  Moderator"  presently 
being  manufactured  commercially  in  Britain.  History  and  exact 
origin  of  the  "French"  silencer  are  unknown. 

The  all-metal  silencer  tested  {Figures  ?  and  2)  was  adapted  to 
a  caliber  .22  lii«standard  semi-automatic  pistol  by  threading  the 
barrel.  Inside,  the  silencer  contained  a  series  of  metal  baffles, 
spaced  0.  43  inch  apart.  The  first  baffle  was  located  2.  37  inches 
from  the  gun  barrel  muzzle,  presumably  to  reduce  stresses  on  the 
baffles  and  to  provide  an  initial  expansion  chamber.  The  projectile 
passage  diameter  throughout  the  siicneer  was  0.28  inch.  Outside, 
the  silencer  diameter  and  length  were,  respectively,  0.94  and  7.  31 
inches.  Table  1  lists  some  of  the  more  important  physical  and  func¬ 
tional  parameters  of  the  Hi -standard  pistol  and  the  "French"  si¬ 
lencer. 

Figures  3  and  4  show  scone  [races  of  the  sound  pressure-time 
history  of  ine  pistol  without  the  silencer  firing  a  Long  Rifle  cartridge. 
The  traces  were  reco:  Jed  five  meters  from  and  direcly  to  the  side  of  the 
pistol  morale.  The  three  primary  acoustical  effects  -  primer  initiation, 
precursor  shock  exit,  and  propellent  gas  blast  -  are  distinctly  visible  on 
the  traces.  The  highest  sound  impulse  and  peak  sound  pressure  level 
(136  db)  were  due  to  the  propellent  gas  discharge  occurring  after  the 
projectile  exited  the  barrel.  The  peak  sound  pressure  level  due  to 
exiting  of  the  precursor  shock  was  113  db.  The  primer  initiation 
sound  pulse  was  approximately  93  db. 
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figure  i.  Cro*s  section.  Caliber  .22  Hi-standard  Piatol/French  Silencer 


TABLE  I,  Caliber  .  22  Hi -standard  Pistol/French  Silencer 


Projectile 

Weight  (Long  Rifle) 

Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure  (estimated) 
Travel  in  barrel 

Travel  time  in  barrel 

Travel  time  in  silencer 

40  gr 

0.  225  in 

1050  fps 

98  ft -lb 

0,  4  inch 

7, 0  inch 

0.65  ms  (approx) 
0,  55  ms 

Propellant 

Weight  (double  base,  flake,  web  -w  0,003  in.) 

Chamber  volume 

1.7  gr  (*Q.  2  gr 
primer) 
0.016  in.  3 

Ballistic  pressure 

Peak 

At  barrel  muzzle  (estimated) 

24, 000  pel 

1,000  psi 

Silencer 

Passage  diameter  (for  projectile) 

Weight 

Free  volume 

0.  28  in'. 

0.  25  lb 

2.  38  in.  3 

Pistol  weight  (without  silencer) 

2.  75  lb 

Time  between  precursor  and  projectile  exits  from 
silencer  (estimated) 

0.95  ms 
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•  The  sound  signature  of  a  Hi-standard  pistol  with  the  French 
silencer  and  using  A  Long  Rifle  cartridge  is  shown  in  Figure  5.  In  this 
case  the  socnu  pressures  were  substantially  lower  than  with  the  unsilenced 
pistol.  The  fir  stdistinct  sound  perceived  during  the  firing  cycle  was  a  pujse 
(pt  1 ,  Figure  5)  generated  about  the  time  the  firing  pin  hit  the  primer. 

Since  at  this  time  four  successive  functions  -  hammer  fall,  firing 
pin  striking  primer,  primer  explosion,  end  gas  leakage  around  the 
cartridge  case  -  occurred,  the  exact  source  of  the  first  sound  pulse 
is  not  definite.  However,  experiments  with  other  systems  indicate 
that,  generally,  by  far  the  loudest  pulses  are  generated  by  the  gas 
leakage  around  the  cartridge  case  and  by  the  hammer  fall.  The 
firing  pin  striking  the  primer  is  generally  somewhat  louder  in  weap¬ 
ons  without  a  hammer. 

The  next  sound  after  primer  initiation  was  the  precursor  wave 
exiting  from  the  silencer  muzzle.  Thin  sound  puls'  (pt  2),  because 
of  its  low  amplitude,  is  barely  distinguishable  in  the  trace.  Shortly 
alter  the  precursor,  the  blcw-by  pressure  wave  (generated  by  the 
leakage  of  propellent  gases  past  the  projectile)  exited.  Exit  of  this 
pressure  wave  gave  rise  to  a  pulse  ot  117  dp  peak  SPL.  The  pro¬ 
jectile  exited  the  silencer  0.  i  millisecond  after  the  blow-by  wave. 

Its  exit  was  followed  by  the  main  efflux  of  gases,  which  resulted  in 
the  positive  pulse  of  119  dp  peak  SPL.  Following  the  projectile 
exit  and  initial  gas  efflux,  the  steady  discharge  of  propellent  gases 
gave  rise  to  turbulence  which,  combined  with  reverberations  within 
the  silencer,  generated  a  prolonged  noise  (pt  5)  of  approximately 
105  db  peak  SPL. 

Sound  signature  of  the  caliber  .22  Hi-standard  pistol  v-ithout 
silencer,  firing  a  Short  cartridge,  is  shown  for  reference  in  Figure 
6. 


Caliber  ,  22  Silenced  Hi-standard  Pistol 


During  World  War  II,  the  U.  S.  Infantry  Board  established 
interest  in  silenced  weapons.  ^7  A  variety  of  weapons,  including  the 
silenced  caliber  .  22  Hi-standard  pistol  (Figures  7,  8,  and  9,  and 
Table  II),  were  given  consideration.  It  was  concluded  that  all  si¬ 
lenced  weapons  were  bulky  and  still  detectable  at  close  ranges.  Be¬ 
cause  of  low  lethality,  it  is  doubtful  if  the  Hi-standard  pistol  described 
herein  found  very  wide  application. 
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TABLE  II,  Caliber  .  22  Silsnced  Hi- standard  Pistol 


40 

0.  ZZ 5  in. 

930  fpa 
75  ft -lb 
0.  4  in. 

6.  Z  in. 

0.  65  ms  (epprcs: 
0.  2 2  ms 

Propellant 

Weight  (double  base,  flake,  web  0.  003  in. }  1.  7  gr  (+  0,2  gr 

primer) 

Chamber  volume  0.016  in,  3 

Ballistic  pressure 
Peak 

At  barrel  muxale  (estimated) 


Silencer 

Passage  diameter  (for  projectile)  0.234  in. 

Weight  (excluding  gun  barrel  and  pistol)  0.63  lb 

Free  volume 

Around  gun  barrel  (including  barrel  holes)  1.84  in.  3 

In  front  of  gun  barrel  0. 76  in.  3 

Wire  mesh  volume 

Rolled  (around  gun  barrel)  0.  79  in.  3 

Discs  (front  of  barrel)  0.  35  in.  3 

Gun  barrel  and  pierol  weight  2.  37  ib 


Silencing  of  the  H‘-*tandard  <stoJ  has  been  accomplished 
essentially  by  drilling  the  barrel  and  enclosing  it  in  a  silencing  tube. 
The  barrel  has  four  longitudinal  rows  of  “hired "  holes,  0.  125  inch 
in  diameter  and  spaced  0.250  inch  apart.  The  primary  function  oi 
the  holes  is  reduction  of  the  ballistic  pressure  which,  in  turn,  also 
reduces  the  velocity  of  a  supersonic  Long  Rifle  cartridge  below  the 
speed  of  sound. 


24, 000  psi 
90  psi 


Projectile 

Weight  (Long  B-fle) 

Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure  (estimated) 
Travel  in  barrel 
Travel  time  in  barrel 
Travel,  time  in  silencer 
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The  silencing  tube  surrounds  and  extends  beyond  the  pistol 
barrel.  At  the  rear  it  is  attached  to  the  threaded  receiver  extension, 
while  at  the  front  it  terminates  with  a  threaded  cap.  Inside,  the 
tube  contains  a  roll  of  brass  wire  mesh  surrounding  the  barrel  and 
a  stack  of  wire  mesh  discs  extending  beyond  the  barrel  muzzle,.  The 
wire  screening  is  presumably  intended  for  cooling  of  the  propellent 
gases.  Projectile  passage  through  the  front  portion  of  the  silencing 
tube  is  0.  234  inch  in  diameter.  The  silencing  tube  diameter  and 
length  (beyond  gun  barrel)  are,  respectively,  1.0  and  2.5  in. 

Figure  10  chows  the  sound  pressure-time  history  of  the  silenced 
Hi-standard  pistol.  The  sound  trace,  like  that  of  the  French  silencer, 
was  taken  five  meters  to  the  side  of  the  pistol  muzzle.  As  can  be  seen 
from  the  scope  trace,  the  pistol's  main  sound  sources  were:  primer 
initiation  (pt  1,  Figure  10),  bleed  hole  blow-by  (pt  2),  and  projectile  exi 
(pt  3).  The  primer  initiation  pulse,  which  was  predominately  due  to 
propellent  gas  leakage  around  the  cartridge  case,  had  a  peak  SPL 
of  98  db.  The  next  sound  pulse  (pt  2)  was  generated  when  the  blow-by 
occurring  through  the  bleed  holes  exited  from  the  muzzle.  Although 
this  sound  pulse  had  a  relatively  large  impulse,  its  peak  SPL  was 
only  101  db.  Shortly  after,  the  blow-by  wave,  originated  at  the  gun 
barrel  muzzle,  exited.  This  event  occurred  almost  simultaneously 
with  the  projectile  exit.  The  combined  effect  of  blow-by  and  gas 
discharge  following  the  projectile  exit  resulted  in  a  positive  pulse 
(pt  3)  cf  113  db  peak  SPL.  Following  this,  several  sound  pulses  occurred 
(pt  4)  due  to  propellent  gas  discharge  turbulence  and  reverberations 
within  the  eilencer. 

The  magnitude  of  these  sound  pulses  varied  from  round  to  round. 
In  the  majority  of  cases  it  was  somewhat  lower  than  that  of  Figure  10. 
The  general  negati  ve  trend  of  sound  pressure  after  sound  pulse  (pt  3) 
was  more  consistent,  representing  the  eventual  decrease  of  propellent 
gas  discharge  from  the  weapon.  In  general,  the  relatively  uncluttered 
sound  scope  trace  of  the  silenced  caliber  .  22  pistol  correlated  well 
with  its  quiet  performance. 


Caliber  .22  Silenced  AA i  Experimental  Test  Fixture 

The  A.M  caliber  „  22  silenced  test  fixture  (Figures  11,  12,  13, 
and  Table  III)  was  designed  by  Aircraft  Armaments,  Incorporated, 
in  1965.  The  study  '*ae  conducted  as  part  of  a  Frankford  Arsenal 
contract  issued  to  investigate  unconventional  use  of  small  arms. 
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Pistol,  Using  Long  Rifle  Cartridge 


TABLE  III.  Caliber  .22  Silenced  AAI  Experimental  Teat  Fixture 


Projectile 

Weight 

Diameter 

Velocity  (at  silencer  «£%dt) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure  (estimated) 
Travel  in  barrel 

Travel  time  in  barrel  (estimated) 

Propellant 

Weight  (double  base,  flake,  web  ~  0.003  in.) 
Chamber  volume 


40  gr 
0. 225  in. 
990  fps 
88  ft -lb 
0.  4  in, 

6.  9  in. 
0,72  ms 


*.  7  gr  (+  0,  2  gr 
primer) 
0.  016  in. 


Ballistic  pressure 

Peak  24.000  poi 

At  barrel  muzzle  (estimated)  130  put 

Silencer 

Outride  diameter  1.0  in. 

Length  6. 5  in. 

Weight  (excluding  action  and  gun  barrel)  0.  5  lb 

Free  volume  (including  gun  barrel  boles)  4.  69  in, 

Total  fixture  and  silencer  weight  1.  5  lb 


The  AAI  fixture  ie  essentially  a  •  caliber.  22  single  shot  rifle  action 
with  a  7-inch  barrel.  The  barrel  has  a  total  of  28  holes  of  various 
diameters  drilled  along  its  length.  The  first  four  holes  are  enclosed 
by  a  section  of  a  Negator  spring,  presumably  to  give  adaptability 
to  both  the  Short  and  the  Long  Rifle  cartridges.  Surrounding  the  bar¬ 
rel  is  a  silencing  tube  which  forms  an  expansion  space  for  the  pro¬ 
pellent  gas  escaping  through  the  barrel  bleed  holes.  The  expansion 
■pace  is  divided  by  six  baffles  which  isolate  each  set  of  bleed  holes 
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and  thus  prevent  excessive  folow-hy,  Some  chambers  surrounding  the 
bleed  holes  contain  rolled  steel  wire  mesh,  presumably  intended  to 
cool  the  expanding  gases. 

The  performance  of  the  AAt  silenced  fixture  is  simple  in  prin¬ 
ciple.  As  the  projectile  travels  down  the  barrel,  the  propellent  gas 
bleeds  off  through  the  barrel  holes  and  expands  into  the  space  around 
the  gun  barrel.  The  expansion  of  propellent  gas  is  accompanied  by  a 
reduction  in  the  ballistic  pressure  behind  the  projectile.  By  the  time 
the  projectile  exits  from  the  barrel,  the  propellent  gas  pressure  has 
been  reduced  to  chat  dictated  by  the  total  expansion  space  (and  slight 
heat  absorption).  The  lower  pressure  behind  the  projectile  at  exit 
results  in  a  lower  initial  propellent  g?s  discharge  sound  pulse. 

The  advantage  of  this  design  is  that  with  proper  sizes,  number, 
and  placement  of  bleed  holes,  both  the  precursor  and  the  blow-by 
sound  pulses  can  be  minimized.  The  system's  disadvantages  are:  (1) 
the  premature  propellent  gas  bleeding  results  in  a  reduction  of  pro¬ 
jectile  velocity;  (2)  the  eventual  abrupt  uncorking  of  the  barrel  is 
accoustically  undesirable;  and  (3)  the  projectile  (especially  a  lead 
projectile)  is  susceptible  to  deformation  and  erosion  by  propellent 
gases  if  bleeding  is  accomplished  too  abruptly  or  while  the  gas  pressure 
is  Still  high. 


The  sound  pressure-time  history  of  the  AAI  tent  fixture  is  shown 
in  Figure  14.  The  trace  was  recorded  five  meters  directly  to  the  side 
of  the  weapon.  As  with  the  silenced  Hi-standard  pistol,  the  first  sound 
pulse  (pt  1,  Figure  14)  recorded  corresponded  to  the  time  of  firing 
pin  fall.  The  peak  SPL  of  this  pulse  was  93  db.  Since  the  time  between 
this  event,  primer  explosion,  and  gas  leakage  around  the  cartridge 
was  small,  the  three  events  are  not  readily  distinguishable  on  the 
scope  trace.  However,  the  pulse  due  to  leakage  around  the  cartridge 
seems  to  be  in  the  vicinity  of  103  db. 

The  second  and  loudest  sound  pulse  (Ft  2)  was  due  to  gas  leakage 
from  the  joint  between  the  silencer  tube  and  fixture  breech.  The  gas 
leakage,  occurring  as  soon  as  the  projectile  passed  the  first  set  of  bar¬ 
rel  bleed  holes,  resulted  in  a  peak  SPL  of  1 1  o  db.  This  sound  pulse 
could  be  eliminated  by  a  tighter  fit  between  the  tube  and  breech. 

The  next  pulse  (pt  3)  was  due  to  exiting  of  the  precursor  wave  end 
the  propellent  gases  which  found  their  way  through  the  bleed  holes  ahead 
of  the  projectile.  This  sound  pulse  was  relatively  small,  with  a  peak 
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SPL  of  101  db.  Shortly  after  the  precursor  and  biow-by.  the  pro¬ 
jectile  exited.  This  resulted  in  the  main  efflux  of  gases  from  the 
muzzle  and  the  consequent  blast  pulse  (pt  4)  of  114  db  peak  SPL, 
Following  this  initial  blast  pulse  were  the  various  sound  pulses  emitted 
from  the  muzzle  due  to  the  reverberations  within  the  barrel  and  the 
silencer.  The  last  sound  pulse  (pt  5}  was  a  ground  reflection  of  the 
pulse  due  to  gas  leakage  at  the  silencer  tube  base.  As  can  be  seen, 
reflection  of  the  sound  pulse  from  the  ground  (sand  and  sparse  grass) 
occurred  with  almost  negligible  attenuation. 


Caliber  ,  22  Hi-standard  Pistol/  FA  Silencer 


The  experimental  silencer  shown  in  Figures  15  through  1?  was 
designed  by  two  Frankford  Arsenal  employees  in  1967.  It  evolved 
concurrently  with  the  availability  of  low  cost  porous  metal  machining 
stock.  The  porous  metal  manufacturing  techniques,  which  only  re¬ 
cently  were  refined,  consist  of  casting  the  molten  metal  over  a  salt 
configuration  and  dissolving  the  salt  after  the  metal  hardens.  Pres¬ 
ently,  a  number  of  metals  can  be  cast  into  almost  any  porosity, 
density,  or  shape.  The  silencer  described  herein  is  probably  a  fair 
representative  of  its  type. 

The  caliber  .22  Frankford  Arsenal  silencer  was  tested  with  the 
same  Hi-standard  pistol  used  for  evaluation  of  the  French  silencer. 

It  is  all-aluminum,  and  measures  1.  4  inches  in  diameter  and  6.  5  inches 
in  length.  The  silencer  is  machined  from  stock  winch  is  partially  solid 
and  partially  porous  (see  Figures  15  through  17  and  Table  IV).  Outside, 
the  porous  section  of  the  silencer  is  wrapped  with  electrical  tape,  which 
limits  the  propellent  gas  discharge  to  only  the  0.  23  in.  diameter 
projectile  exit  at  the  silencer  muzzle.  Inside,  the  silencer  consists 
of  three  chambers  of  different  lengths  and  diameters. 

The  outstanding  characteristics  of  the  caliber  .  22  Frankford 
Arsenal  silencer  are  small  weight,  low  manufacturing  coot,  and  rel¬ 
atively  quiet  acoustical  performance.  The  undesirable  features  of 
the  silencer  are  its  bulkiness  and  high  erosion  rate.  Other  physical 
and  functional  characteristics  of  the  tested  silencer  are  listed  in  Table 
IV. 


The  general  acoustical  performance  of  the  Frankford  Arsenal 
silencer  can  be  surmised  from  the  sound  scope  trac  ;  shown  i  r  Figure  18 
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TABLE  IV.  Caliber  .  22  Hi  -  standard  Pistol/FA  Silencer 


Projectile 

Weight  {Long  Rifle) 

Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure  (estimated) 
Travel  in  barrel 
Travel  time  in  barrel 
Travel  time  in  silencer 


40  gr 
0.  225  in. 

1050  fps 
98  ft -lb 
0.  4  in. 

7.0  in. 

0.65  ms  (approx) 

0.  47  ms 


Propellant 

Weight  (double  base,  flake,  web  ~  0.003  in.)  1.7  gr  {+  0.  2  gr 

primer) 

Chamber  volume  0.016  in.  3 


Ballistic  pressure 
Peak 

At  barrel  muzale  (estimated) 


24, 000  psi 
1, 000  psi 


Silencer 

Passage  diameter  (for  projectile)  0.  23  in. 

Weight  0. 47  lb 

Total  free  volume  5.  6  in.  3 

Total  pore  volume  4.9  in.  3 

Mean  pore  diameter  (approx)  0,04  in.  ? 


Porous  aluminum  density 


0.043  ib/in.  3 


Pistol  weight  (without  silencer)  2.75  lb 

Time  between  precursor  and  projectile  exi..s 
from  silencer  (estimated)  0.90  ms 
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(see  Figure*  3,  4,  and  6  for  sound  scope  traces  oi  the  pistol  without 
silencer).  The  main  sound  sources  oi  the  silenced  pistol  were  primer 
initiation  (pt  1,  Figure  18J,blow-by  (pt  3), and  gas  discharge  following 
projectile  exit  (pt  4).  The  noise  due  to  precursor  (pt  2)  was  relatively 
insignificant.  The  primer  initiation  found  pulse  (as  previously  de- 
scribed)  occurred  due  to  gas  leakage  around  the  cartridge  case.  The 
peak  SPL  of  this  pulse  was  103  cb.  The  next  and  largest  sound  pulse 
was  that  due  to  the  exit  of  propellent  gases  which  by-passed  the  pro¬ 
jectile.  This  pulse  had  a  peak  SPL.  of  108  db.  The  projectile  exited 
approximately  0.  4  ms  after  the  k low-by.  The  gas  efflux  following 
the  projectile  exit  gave  rice  to  a  sound  pulse  of  100  db  peak  SPL.. 

In  general,  the  sound  aignai  ure  of  the  caliber  .  22  pistol  with 
Frankford  Arsenal  silencer  could  be  described  as  a  relatively  mild, 
muffled  hand  clap.  The  system  sounded  somewhat  quieter  than  the 
silenced  Hi -standard  pistol. 

Caliber  .  30  M1903  Riiie/Maxim  Silencer 


The  all  metal  caliber  .  30  Maxim  silencer  herein  described  was 
designed  by  H.  P.  Maxim.  The  first  versions  of  this  U.  S.  silencer 
were  patented  and  manufactured  commercially  in  1909.  At  the  time, 
the  use  of  the  Maxim  silencer  was  considered  by  the  Army,  and 
issue  of  two  silencers  per  platoon  was  recommended  for  training 
recruits.  However,  due  to  the  ballistic  crack  of  the  supersonic 
round,  the  Maxim  silencer,  as  well  an  several  other  designs,  n*vtr 
found  wide  application.  !t  is  doubtful  if,  at  that  time,  the  use  of  a 
modified  (subsonic)  cartridge  was  given  much  consideration  except 
for  special  missions. 

The  Maxim  silencer  version  recently  tested  at  Frankford  Arsenal 
(see  Figures  19  through  Z2  and  Table  V)  is  the  "Model  15"  supposedly 
issued  to  National  Guard  units  during  World  War  1.  It  is  approximately 
9  inches  long  and  1  inch  in  diameter.  The  silencer  is  0.  16  inch  eccen¬ 
tric  with  respect  to  the  rifle  bore.  It  attaches  to  the  military  Spring- 
field  rifle  by  an  end  nut  and  two  rapering  half-sleeves.  The  fron;  rifle 
sight  must  be  removed  and  replaced  during  the  mounting  operation. 
Inside,  the  Maxim  silencer  is  composed  of  an  initial  expansion  chamber 
followed  by  19  equally  spaced  baffles.  The  bafflee  are  indented  rear¬ 
ward  and  off-center  from  the  sriler.cer  and  the  rifle  bore  axes. 


TABLE  V.  Caliber  „  3C  M1903  Rifle/Maxim  Silencer 


Projectile 

Weight  'Match) 

175  gr 

Diameter 

0.  309  In. 

Velocity  (at  silencer  exit; 

1050  fpc 

Energy  (at  silencer  exit) 

431  ft-lb 

Travel  at  peak  ballistic  pressure  (estimated 

0.4  in, 

Travel  in  barrel 

22. 0  !n. 

Travel  time  in  barrel 

Z,  3  ms  (appi  ox) 

Travel  time  in  silencer 

0.  56  me 

Propellant 

Weight  (M9  dcublt  base,  Hake,  ^ub  ~  0.  00.3  in.) 

7.  h  gr  (4  0.  5  gr 
primer) 

Chamber  volume 

0.  30  in.  s 

Ballistic  pressure 

Peak 

20,000  psi 

At  barrel  muxale  (estimated) 

1,000  psi 

Silencer 

Pissage  diameter  (for  projectile) 

0.  375  in. 

Weight 

C.  63  lb 

Free  velum c 

4. 0  in. 3 

Outside  diameter 

1.  0  in. 

Length  (beyond  gun  barrel) 

7.  0  in. 

Rifle  weight  (without  silencer) 

9  lb 

Timo  between  precw?  aor  and  projectile  exits 

from  silencer  (esSimatedI 

1.  44  rns 

The  Maxim  silencer  baffle  configuration  induces  the  gases, 
propag&tkjg  down  the  silencer,  into  a  vortical  spin.  No  data  seem  to 
be  available  on  the  cental  effectiveness  of  the  principle.  However,  it 
is  conceivable  that  pressure*  at  the  silencer  projectile  passage  could 
thys  be  substantially  reduced.  The  Maxim  silencer's  acoustical  per¬ 
formance  (Figure  25)  ismuch  better  than  would  be  expected  from  its 
clearances,  volume,  and  length  alone.  Thus,  some  effectiveness 
must  be  attributed  to  the  silencer's  eccentricity  and  the  askew  baffles. 
However,  the  value  of  the  vortical  spin  principle  still  jemaina  ques¬ 
tionable. 

f  igure  23  shows  the  sound  pressure  history  of  the  caliber  .  30  Ml  903 
rifle  without  the  silencer,  using  a  subsonic  cartridge.  As  can  be  seen 
from  the  scope  trace,  the  main  sound  sources  are  precursor  shock 
(pt  2,  Figure  23)  and  propellent  gas  discharge  following  the  projectile 
exit  (pt  3).  The  corresponding  SPL  of  these  pulses  are,  respectively, 

119  and  137  db  five  meters  to  'he  side  of  the  weapon. 

The  sound  pressure-::.-  tu  history  of  the  M1903  rifle  with  the 
Maxim  silencer  and  subsonic  cartridge  is  shown  in  Figures  24  and  25. 

1  he  system’s  main  noise  sources  are  primer  initiation,  precursor  shock,, 
blow-by,  and  propellent  gas  discharge  after  projectile  exit.  The  primer 
initiation  noise, from  firing  pin  fall  to  the  firBt  muzzle  sound,.'  *  shown  in 
Fig  ■»  24.  The  absence  of  the  usually  high  initial  positive  sound  pulse 
su^jj-.-sts  that  gas  leakage  around  the  cartridge  case  is  very  low  and 
that  moat  of  the  system’s  initial  noise  is  mechanical,  Sound  pulses 
due  to  the  blow-by  end  the  propellent  gas  discharge  after  projectile 
exit  are  shown  more  distinctly  in  Figure  25.  Here  the  blow-by  and 
gas  discharge  pulses  are,  respectively,  102  and  112  db  peak  SPL. 
Following  thece  pulses,  there  is  a  prolonged,  seemingly  random, 
noise  of  approximately  102  db  **eak  SPL  due  to  gas  discharge  turbu¬ 
lence  and  revej  beraLons  inside  the  silencer. 

Thu  general  oouud  history  and  apparent  loudness  of  the  tested 
M.xim  silencer  -.re  comparable  to  the  better  silenced  systems.  This 
la  especially  significant  in  view  of  the  relatively  high  projectile  energy 
(431  ft- lb)  and  velocity  (1050  fps).  Combining  this  with  the  silencer's 
adaptability  to  atandatu  weapons,  its  relatively  small  size,  end  its 
construction  (requiring  no  maintenance  or  replacement  of  parts),  the 
WW  I  Maxim  silencer  is  ou«  of  the  better  items  tested  at  Frankford 
Arsenal. 
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Caliber  .  30  Silenced  Ml  Carbine 


The  silenced  Ml  carbine  (Figures  26  and  27  and  Table  VJ.)  was 
developed  in  Enfield,  England,  about  1945.  It  is  believed  to  have  been 
designed  for  the  Office  of  Strategic  Services.  The  carbine  is  manually 
operated  and  takes  standard  supersonic  ammunition.  Because  of  its 
bulkiness,  manual  feeding,  and  not  too  impressive  acoustical  performance, 
it  is  doubtful  if  the  weapon  was  widely  utilized. 

Since  standard  eupersonic  ammunition  was  to  be  used  in  the  silenced 
carbine,  seven  holes  of  0.  125  inch  diameter  were  drilled  in  the  barrel 
ctore  to  the  breech.  This  allowed  the  gases  to  be  bled  off  through  the 
holes,  with  a  consequent  reduction  in  ballistic  pressure  and  projectile 
muzzle  velocity.  The  original  barrel  length  was  also  reduced  to  ten 
inches,  presumably  to  minimize  the  final  length  of  the  carbine.  The 
carbine's  silencer  surrounds  and  extends  seven  inches  beyond  the  gun 
barrel.  Inside,  the  silencer  has  a  series  of  conical  baffles,  positioned 
throughout  its  whole  length.  The  overall  length  and  diameter  of  the 
silenced  barrel  are  17  and  1.4  in,,  respectively. 

Sound  pressure-time  history  of  the  tested  carbine,  five  meters 
to  the  side  of  the  weapon,  is  shown  in  Figure  28.  The  main  constitu¬ 
ents  of  the  noise  are:  primer  initiation  (pt  1,  Figure  28),  bleed -hole 
blow-by  (pt  2),  gun  barrel  muzzle  blow-by  (pt  3),  blast  immediately 
following  projectile  exit  (?t  4),  and  continuous  noise  emitted  from 
silencer  after  projectile  exit  (pt  5). 

The  primer  initiation  noise  (barely  visible  on  the  trace;  was 
appro  amately  94  db  peak  SPL  and  was  primarily  due  to  the  hammer 
fall.  Vhe  gas  blow-by  around  the  cartridge  case  seems  relatively 
insignificant. 

Following  primer  initiation,  the  first  significant  sound  pulse 
(pt  2)  was  caused  by  the  exit  of  the  pressure  wave  generated  by  the 
gases  finding  their  way  out  through  the  barrel  bleed  holes.  This  was 
a  positiv  e  round  pulse  of  112  db  peak  SPL.  The  secondary  blow-by, 
which  occurred  at  the  gun  barrel  muzzle,  exited  the  silencer  approxi¬ 
mately  0.  6  nr  s  after  the  bloed  hole  blow-by.  This  generated  a  po stive 
sound  pulse  of  122  db  peak  SPL. 

The  projectile  followed  the  secondary  blow-by  by  about  0.  4  ms. 

The  immediate  accoustical  effects  associated  with  the  projectile 
exit  (  pt  4)  are  barely  distinguishable  from  the  scope  trace.  This  is 
due  to  the  masking  effect  of  reverberations  within  the  silencer  and 
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'/ABLE  VI.  Caliber  „  30  Silenced  Ml  Carbine 


Projectile 

Weighty 

Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure  (estimated) 
Travel  in  barrel 
Travel  time  in  barrel 
Travel  time  in  silencer 

Propellant 

Weight  (WC320  double  base,  spherical  granulation 
0.013  by  0,009  in.) 

Chamber  volume 

Peak  ballistic  pressure 

Silencer 

Passage  diameter  (fer  projectile; 

Free  volume 

Carbine  weight  (without  magazine) 

Silenced 

Standard  unsilenced 

Time  between  precursor  and  projectile  exits 
from  silencer  (estimated) 


108  gr 
0. 306  in. 

1058  fps  ~  i' 
270  ft-lb 
0.  5  in, 

9.  8  in, 

1.  30  ms  (approx) 
0.  56  ms 


13  gr  (+  0.  3  gr 
primer) 
0, 062  in.  3 

31 , 800  psi 


0.  375  in. 
10.  3  its.  3 


75  lb 
5  lb 


0.  41  ms 


I 


\  ■ 

discharge  turbulence  occurring  at  this  time.  An  approximate  value 
of  119  db  peak  SPL  was  assigned  to  the  projectile  exit  pulse.  Follow¬ 
ing  the  projectile  exit  from  the  silencer,  there  was  a  continuous  noise 
of  about  118  db  peak  SFL.  This  high  frequency  noise,  which  again  can 
be  attributed  primarily  to  internal  reverberations,  persisted  for 
several  milliseconds.  It  is  superimposed  on  a  gradual  trend  into  the 
negative  sound  pressure  region.  This,  of  course,  signifies  the 
eventual  decrease  of  gas  discharge  from  the  weapon; 

To  a  subjective  listener,  the  firing  of  the  silenced  carbine  wounded 
like  a  sharp  hand  clap  followed  by  a  distinct  hissing  sound. 


Caliber  .  32  Silenced  Sleeve  Gun 


Little  is  known  about  the  origin  and  history  of  the  silenced  sleeve 
gun.  It  bears  close  similarity  in  design  and  workmanship  (Figures  29 
through  32  and  Table  VII)  to  the  caliber  .  32  Welrod  pistol.  The  sleeve 
gun  is  a  single  shot  item,  requiring  considerable  time  for  reloading. 

To  reload  and  cock  the  weapon,  the  three  rearmost  threaded  sections 
have  to  be  disassembled.  Independent  operations  are  required  for 
rechambering  the  cartridge  and  resetting  the  firing  pin  spring.  The 
weight  (1.7  lb)  and  general  configuration  of  this  gun  suggest  that  it 
was  also  intended  for  use  as  a  club. 

Firing  of  the  weapon  is  accomplished  by  moving  a  latch  toward 
the  weapon  muzzle.  A  rod,  attached  td  the  latch  and  running  along 
the  top  of  the  sleeve  gun,  releases  the  plunger  holding  the  firing  pin 
at  the  rear  of  the  g.m.  At  the  base,  the  sleeve  gun  is  provided  with 
an  eyelet,  presumably  fora  string  to  support  the  weapon  in  a  coat 
sleeve. 

The  internal  configuration  of  the  sleeve  gun,  except  for  dimensions, 
is  exactly  the  same  as  that  of  the  caliber  .  32  Welrod  silenced  pistol.* 

The  3.  25  inch  gun  barrel  contains  a  series  of  20  holes,  0.  063  inch  in 
diameter,  positioned  in  five  rifling  grooves.  The  holes  lead  into  an 
expansion  chamber  formed  by  the  tube  surrounding  the  gun  barrel. 

The  tube  also  extends  beyond  the  gun  barrel  muzzle  by  2.85  inches, 
thus  forming  the  forward  silencer  section.  Inside,  the  silencer  section 
contains  a  series  of  metal  and  rubber  baffles  which  provide  the  si¬ 
lencing  affect. 

*See  Figure  35. 
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TABLE  VII.  Caliber  .  3?.  Silenced  Sleeve  Gun 


Projectile 

Weight  77  gr 

Diameter  0.  315 

Velocity  (at  silencer  exit)  700  ips 

Energy  (at  silencer  exit)  82  ft-lb 

Travel  at  peak  ballistic  pressure  (ectimated)  0,  S5  In. 

Travel  in  barrel  3.  £5  in. 

Traval  time  in  barrel  (estimated)  0.  34 

Travel  time  in  silencer  0.  34  ms 


Propellant 

Weight  (Norma,  A  CP,  double  base,  web  —  0, 003  in. )  3  gr  {+  0„  3  gr 

primer) 

Chamber  0.026  in. 


Peak  ballistic  pressure 


i 4, 000  pai 


Projectile  passage  diameter 
In  steel  baffle 
In  old  rubber  ‘baffles 
In  new  rubber  baffles 


0. 38  in. 

0.  25  in.  (approx) 
X-slit 


Free  volume 

Around  gun  barrel 
In  front  silencer  portion 


1. 18  in. 3 
1. 2  in.  3 


Total  weapon  weight 


1.  7  lb 


When  examined,  the  rubber  baffles  of  the  sleeve  gun  herein 
described  were  already  old  so  that  passage  through  them  was  ap¬ 
proximately  0.  25  inch  in  diameter.  When  new,  the  rubber  baffles 
probably  completely  closed  off  the  silencer  cavity.  Therefor®,  a 
record  was  also  made  with  a  new  baffle  containing  only  an  X-slit 
through  the  center. 

Figure  51  shows  and  identifies  the  various  sound  constituents 
of  the  tested  caliber  ,32  sleeve  gun  with  old  baffles.  The  first  small 
sound  pulse  on  the  trace  (pt  1,  Figure  33)  corresponded  to  the  time  of 
primer  initiation.  This  pulse,  as  well  as  other  small  pulses  immediately 
following  it,  was  approximately  87  db  peak  SPL  (unpublished  data), 
and  was  primarily  due  to  firing  pin  fall.  Gas  leakage  around  the 
cartridge  case  seemed  negligible. 

The  next  u-gn.ficant  sound  pulse  (pt  2)  was  emitted  from  the 
silencer  muzzle.  It  was  identified  as  the  pressure  wave  due  to  the 
propellent  gases  exiting  through  the  bleed  holes  and  finding  their 
way  ahead  of  the  projectile.  The  peak  SPL  of  this  pulse  was  118  db, 
the  same  as  that  for  the  caliber  .  32  Welrod  pistol. 

The  blow-by  occurring  at  the  gun  barrel  muzzle  inside  the  si¬ 
lencer  followed  the  bleed  hole  blow-by  by  about  0.  25  ms.  This  pulse 
was  114  db  peak  SPL.  The  projectile  exited  approximately  0.  3  ms 
later.  The  efflux  of  propellent  gas  immediately  following  the  pro¬ 
jectile  resulted  in  a  positive  pulse  (pt  4)  of  126  db  peak  SPL.  The 
positive  sound  pulse  0.  2  ms  after  pt  4  was  due  to  reverberation  in¬ 
side  the  weapon. 

The  sound  r  cope  trace  of  the  sleeve  gun  wi':h  new  rubber  baffles 
is  shown  in  Figure  34.  As  can  be  seen,  practically  all  noise  preceding 
and  following  projectile  exit  was  eliminated  by  the  new  baffles.  Also, 
the  projectile  noise  was  reduced  to  120  dp  peak  SPL.  In-general,  the 
sleeve  gun  with  old  baffles  sounded  like  a  somewhat  loud  snap.  Fired 
with  new  baffles,  it  sounded  likewire  snappy,  but  substantially  quieter. 


Caliber  .  32  Silenced  Weired  Pistol 


The  caliber  .  32  pistol  (Figures  35  and  36  and  Table  VIII)  bears 
closn  resemblance  to  the  9  r.vn  Welrod  pistol*  developed  in  Britian 
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*See  Figures  38  and  39. 


TABLE  Vin.  Caliber  .32  Silenced  Weired  Plato! 


Projectile 

Weight 

Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  in  barrel 

Travel  time  in  barrel  (estimated) 

Travel  time  in  silencer 

Propellant 

Weight  (Norma,  ACF,  double  base,  web  —  0.003  in.) 

Chamber  volume 

Peak  ballistic  pressure 

Projectile  passage  diameter 
In  steel  baffle 

In  old  rubber  baffle  (when  tested) 

Free  volume 

Around  gun  barrel 
In  front  silencer  portion 

Total  pistol  weight  (unloaded) 


??  gr 
0. 315  in, 
770  fps 
102  ft-lb 
3.9  in. 

0.  54  mo 
0.  43  ms 


3  gr  (+  0.  3  gr 
primer) 
0.  026  in.  ^ 

14,000  poi 


0.  375  in. 

0.  25  in  (approx) 

2. 6  in, ^ 

2. 5  in. 3 

2.  5  lb 


during  World  War  II.  Externally,  the  primary  difference  between  the 
two  is  that  the  caliber  .  32  is  somcwhM  r mailer  and  does  not  have  a 
trigger  guard.  The  Weired  pistol  is  one  of  tht.  few  weapons  specif¬ 
ically  designed  to  be  "silent.  "  It  had  been  provided  with  a  suitable 
silencer  and  a  relatively  quiet  breech  mechs.r:i»m.  Although  its  clip 
{the  pistol  handle)  holds  eight;  rounds,  the  pis  tol  requires  alow  manual 
reloading  for  each  shot. 

Internally,  the  caliber  .  32  Welrod  pistol  consists  of  a  metal  tube 
surrounding  and  extending  beyond  the  pistol  barrel.  The  barrel  has 
a  series  of  20  holes  (0.  062  inch  in  diameter*  drilled  around  its  pe¬ 
riphery.  The  holes  are  positioned  in  the  five  rifling  grooves  and 
lead  to  the  surrounding  expansion  chamber.  This  chamber  is  sep¬ 
arated  from  the  front  silencer  section  by  a  baffle  which  has  12  Holes 
(0.062  inch  in  diameter).  The  silencer  section,  extending  beyond  the 
barrel  muzzle,  is  four  inches  long  and  contains  a  series  of  metal  and 
rubber  baffles.  The  rubber  baffles  are  spaced  intermittently  between 
the  metal  baffles  (Figure  35).  The  projectile  passage  diameter  in  the 
steel  baffles  is  0.  375  inch.  The  passage  diameter  in  the  old  rubber 
baffles,  when  tested,  was  approximately  0.  25  inch;  when  new,  the 
rubber  baffles  probably  completely  closed  off  the  silencer  interior. 

Figures  37  shows  and  identifies  the  various  sound  pulses  gen¬ 
erated  by  firing  the  caliber  .32  Welrod  pistol.  The  main  sound 
pulses  were  due  to  primer  initiation  (pt  1,  Figure  37),  bleed  hole 
blow-by  (pt  2),  and  projectile  exit  (pt  3).  The  high  SPL  (—112  db) 
and  positive  nature  of  the  first  sound  pulse  (pt  1)  identify  it  as  that 
caused  by  gas  leakage  around  the  cartridge  case.  The  blow-by  wave 
(generated  by  the  propellent  gas  by-passing  the  projectile  through 
the  barrel  bleed  holes)  exited  approximately  0.  4  ms  later.  This 
gave  rise  to  the  pulse  (pt  2)  of  118  db  peak  SPL.  The  blow-by  wave 
occurring  at  the  gun  barrel  muzzle  exited  from  the  silencer  approx¬ 
imately  0.  3  ms  after  the  bleed  hole  blow-by.  From  the  scope  trace, 
it  is  seen  that  this  blow-by  is  almost  insignificant.  The  last  and 
largest  sound  pulse,  with  its  peak  SPL  of  122  db,  was  due  to  the 
gas  discharge  immediately  following  the  projectile  exit.  Following 
thio,  there  was  a  prolonged  high  frequency  noise  of  about  104  db  peak 
SPL  due  to  turbulence  and  reverberations  within  the  system. 

In  general  the  caliber  .  32  Welrod  sound  signature  could  be  de¬ 
scribed  as  a  sharp  snappy  crack. 
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9  mm  Silenced  Welrod  Pistol 


The  9  mm  Welrod  pistol,  except  for  size,  is  externally  very 
similar  to  its  caliber  .  32  counterpart.  Internally,  however,  the 
two  pistols  are  quite  different  (see  Figures  35,  36,  38,  39,  and  Table 
IX),  The  9  mm  Welrod  barrel  consists  of  two  sections,  front  and 
rear.  The  rear  portion  contains  the  gun  barrel, which  has  sixteen 
0.052  inch  diameter  bleed  holes  at  its  breech  end.  The  gun  barrel 
is  surrounded  by  a  tube  which,  together  with  the  threaded  front 
bushing,  forms  an  expansion  chamber  for  the  gases  escaping  through 
the  bleed  holes.  The  front  portion  of  the  pistol  barrel  is  essentially 
the  weapon's  silencer.  It  attaches  to  the  pistol  by  means  of  a  threaded 
bushing.  The  inside  of  the  silencer  Faction  contains  a  series  of 
metal,  rubber,  and  felt  baffles  separated  by  a  perforated, spool-like 
steel  spacer.  The  passage  through  the  steel  baffles  and  spool  is 
approximately  0.  43  inch  in  diameter. 

The  pistol  examined  at  Frankford  Arsenal  contained  three 
flexible  baffles  *•  two  rubber  and  one  felt.  The  projectile  passage 
through  these  baffles  was  approximately  0.  35  inch  in  diameter.  When 
new,  however,  the  flexible  baffles  jrobably  completelv  closed  off 
the  silencer  cavity;  therefore,  records  were  also  made  with  new 
baffles  containing  only  an  X-slit.  Not  knowing  the  condition  of  the 
tested  weapon,  most  firings  were  made  with  a  reduced  charge  car¬ 
tridge  (described  in  Table  IX). 

Figure  40  shows  the  sound  pressure -time  history  of  the  9  rnm 
Welrod  pistol  without  the  forward  silencer  section  and  firing  the  re¬ 
duced  charge  round.  The  first  noise  detectable  (and  barely  visible 
on  the  irjice  shown)  occurred  at  about  the  time  the  firing  pin  hit  the 
primer.  This  r.oise  (pt  l.  Figure  40)  had  a  peak  SPL  of  approximately 
105  db,  and  was  due  to  gas  leakage  around  the  cartridge  case.  The 
next  sound  pulse  (pt  2)  was  due  to  the  precursor  shock  exiting  from 
the  gun.  The  high  SPL  of  this  pulse  (131  db)  suggests  a  possibility 
of  gas  leakage  past  the  projectile.  Any  bypassing  of  the  propellent 
gas  naturally  reinforced  the  precursor,  giving  rise  tc  the  high  SPL. 

The  last  pulse,  (pt  3)  was  due  to  propeTent  gas  discharge  immediately 
following  the  projectile  exit.  This  pulse  had  a  peak  SPL  of  131  db, 
the  same  as  that  of  the  precursor  pulse. 

The  sound  performance  of  the  9  rnm  Welford  with  the  oilencer 
containing  old  bafflea  shown  in  the  sound  pressure-time  trr.ee  of 
Figure  41.  Here  the  main  noise  constituents  were  primer  initiation 
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TABLE  IX.  9  mm  Silenced  Wetrod  Pistol 


Projectile 

Weight  1 15  gr 

Diameter  0  35?  in. 

Velocity  (at  silencer  exit)  640  fps 

Energy  (at  silencer  exit)  106  ft-lb 

Travel  at  peak  ballistic  pressure  (estimated)  0.4  in. 

Travel  in  barrel  4.7  in. 

Travel  time  in  gun  Darrel  (estimated)  0.71  ms 

Trcvel  time  in  silencer  0.60  ms 


Propellant 


Weight  (M9.,  double  base,  flake. 

Chamber  volume 

Ballistic  pressure 
Peak 

At  first  hole  (estimated) 

At  gun  barrel  muxxle  (estimat  -d 

Silencer 

Weight  (front  portion) 

Free  volume  around  gun  barrel 
Free  volume  in  front  portion 

Projectile  passange  diameter 
Silencer  spool 
In  old  ru^r  baffles 
Through  rev*  rubber  battles 

Total  pistol  weight  (with  the  silenci 


web  0,  003  in, }  3  gr  (+  0.  3  gr 

primer) 
0.038  in.  3 


22,  400  pal 
10,600  psi 
200  psi 


0.63  lb 
2. 3  in. 3 
4.  j  in. 3 


0.  43  in. 

0.  35  in.  (approx) 
X-slit 

r)  3.  5  lb 


Time  between  orer.ursor  and  projectile  exits 
from  silencer  ^estimated) 


0. 91  rr.s 


(p«  1,  Figure  41/,  precursor  exit  (pt  2',,  blow-by  e:tit  (pt  3),  and 
projectile  exit  (pt  4).  The  relatively  low  SPL  105  dbl  of  primer 
initiation  suggests  that  leakage  around  the  cartridge  case  was  much 
smaller  tuan  that  of  the  caliber  .  32  Welrod.  The  precursor  sound 
pulse  had  a  peak  SPL  of  approximately  111  db.  The  blow-by  wave, 
which  originated  from  the  propellent  gases  bypassing  the  pro¬ 
jectile  in  the  spool  spacer,  constituted  the  second  loudest  sound 
source  of  the  system.  This  blow-by  sound  pulee  {pt  3)  had  a  peak 
SPL  of  approximately  119  db.  The  last  and  largest  sound  pulse 
(pt  4)  originated  at  the  time  the  projectile  exited  from  the  silencer. 

It  had  a  peak  SPL  of  124  do,  and  was  due  to  the  abrupt  propellent 
gas  discharge  following  tne  projectile  exit. 

A  record  of  the  silenced  Welrod  with  new  rubber  baffles,  firing 
a  reduced  charge  cartridge,  is  shown  in  Figure  42.  As  can  be  seen, 
the  primer  noise  was  tinaffccCed,  but  the  precursor  and  blow-by 
were  practically  eliminated  by  the  new  baffles.  Also,  the  projectile 
exit  pulse  was  reduced  to  1?.G  db  peak  SPL.  Figure  43  shows  the 
trace  of  toe  silenced  Welrod  with  new  bafflss,  firing  a  standard  9  rrm 
NATO  cartridge  (silencer  muzzle  velocity  ~  930  fps).  Hers  the  pesik 
SPL  of  the  projectile  exit  was  125  db. 

In  general,  the  9  mn.  Welrod  with  old  baffles  sounded  similar 
to,  although  somewhat  louder  than,  the  caliber  .32  Welrod  pistol.  With 
new  baffles  it  sounded  appreciably  quiter  than  before. 

9  mm  Silenced  Sten  Submaclune  Gun 


The  silence  1  Sten  submachine  guns  (Figure  44)  were  first 
developed  and  manufactured  in  Britain  during  World  War  U.  They 
were  successfully  used  by  both  the  British  Commandos  and  the  guer< 
rillas  operating  behind  German  lines.  A  few  of  the  silenced  Stens 
eventually  found  their  way  into  German  hand j  but,  contrary  io  strong 
recommendations  by  some  .  the  German  High  Command  did  net  adopt 
the  Sten  for  general  use.*  More  recently,  silenced  Stens  were  re¬ 
portedly  used  by  Allied  troops  in  Korea. 

Basically,  the  silenced  Sten  (designated  Mark  IIS)  is  a  modified 
version  of  a  standard  unsilenced  Sten  submachine  gun.  The  mod¬ 
ification  consisted  essentially  of  reducing  the  bolt  weight,  shortening 

However,  see  Appendix  E. 

72 


the  bolt  spring,  and  substituting  the  replaceable  barrel  with  a  si¬ 
lenced  one.  Since  the  new  barrel  reduced  projectile  velocity  below 
the  speed  of  irsound,  the  bolt  modifications  were  necessary  to  insure 
proper  weapon  operation  and  to  maintain  the  rate  of  fire  at  standard 
450  r pm.  Some  modified  weapons  reportedly  had  their  breech  in¬ 
sulated  with  acoustical  material,  this  to  attenuate  the  weapon's  me¬ 
chanical  noise  (Figure  45).  Many  versions  of  the  silenced  Sten  barrel 
are  known  to  have  been  developed.  Two  types,  both  similar,  were 
tested  at  Frarkford  Arsenal. 


Silenced  Sten  Darrel,  Type  1 

The  Type  1  silenced  Sten  barrel  (Figure  46)  consists  es¬ 
sentially  of  a  drilled  length  of  standard  4  inch  long  gun  barrel  and  a 
surrounding  silencing  tube  which  extends  beyond  the  gun  barrel  muz¬ 
zle.  The  gun  barrel  has  six  holes  (3.  11  inch  in  diameter)  located 
0.72  inch  from  the  initial  projectile  base  position,  and  opening  into 
the  expansion  chamber  surrounding  the  gun  barrel.  The  early  bleed¬ 
ing  of  propellent  gases  is  primarily  intended  to  reduce  the  velocity 
of  the  standard  supersonic  round  below  the  speed  of  sound. 

The  front  end  of  the  silencing  tube  forms  the  secondary 
expansion  chamber,  which  is  divided  by  30  straight,  equally  spaced, 
rnetal  baffles.  The  first  and  last  baffles  (0.  25  inch  thick)  consist  of 
stacked  wire  screen  discs.  The  passage  through  the  baffles  provides 
the  projectile  with  a  diametral  clearance  of  0,  040  inch.  Outside,  the 
silenced  barrel  is  partially  covered  by  asbestos  rope,  electrical  tape, 
and  canvas  cover  to  protect  the  hands  from  tbe  tube  which  becomes 
excessively  hot  with  automatic  firing.  The  overall  silenced  barrel  is 
13  inches  long  and  1.  5inchesin  diameter.  By  comparison,  the  stan¬ 
dard  unsilenced  Sten  barrel  is  only  6  inches  long.  Some  of  the  more 
significant  physical  and  functional  parameters  of  the  silenced  Sten 
with  the  Type  1  barrel  are  listed  in  Table  X. 

On  firing,  the  forward  (and  rearward)  motion  of  the  Sten 
bolt  terminates  with  a  considerable  slap.  This  impact  of  bolt  against 
breech  and  the  consequent  vibration  of  the  weapon's  various  '•omponents 
generated  prolonged  noise  of  about  100  db  peak  SPL,  lasting  a  few 
milliseconds  (Figure  45).  To  avoid  the  overshadowing  effects  of 
mechanical  noise,  the  Frankford  Arsenal  sound  tests  were  conducted 
with  the  silenced  Sten  barrels  held  and  fired  in  a  special,  re’atively 
quiet,  single  shot  test  fixture  (Figures  47  and  48).  Since  the  mechanical 
noise  of  the  fixture  is  relatively  low,  the  rccorde-'J  scope  traces  es¬ 
sentially  contain  only  the  system  muzzle  noise. 
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Bole  Slap,  without  Cartridge 


Silenced  Sten  Submachine  Gun  Barrel 


TABLE  X.  9  mm  Silenced  Sten  Submacliine  Gun,  Type  I  Barrel 


Projectile 

Weight  115  gr 

Diameter  C*.  356  in. 

Velocity  (a*  silencer  oxit)  1000  fps 

Energy  (at  silencer  exit)  258  ft-lb 

Travel  at  peak  ballistic  pressure  {estimated)  0.3  in. 

Travel  in  barrel  4.  25  in. 

Travel  time  in  barrel  (estimated)  0.  42  ms 

Travel  time  in  silencer  0.  71  m« 


Propellant 

Weight(WCC-6l02f  doublebase,  weij-O,  003  in.)  6  gr  (+  0.  3  gr 

primer) 

Chamber  volume  0-  038  in.3 


Ballistic  pressure 

Peak  31,000  psi 

At  barrel  muzzle  (estimated)  250  psi 

Silencer  Characteristics 

Passage  diameter  (for  projectile)  0.  50  in. 

Free  volume  in  front  silencer  portion  Xi.  0  in.  ^ 

Free  volume  around  gun  barrel  4.  4  in.  3 

Silenced  barrel 

Weight  2.25  1b 

Lenght  13  in. 

Diametex  1.5  in. 

Standard  Sten  gun  barrel  length  6  in. 

Total  weigh*  of  silenced  Sten  submachine  gun 
(without  magazine)  7.  T  lb 

Time  between  precursor  and  projectile  exits 
from  silencer  (estimated)  0.3  ms 
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The  sound  pressure  history  of  the  Type  I  silenced  Sten 
b&rreljfired  with  the  test  fixture  is  shown  in  f  igure  49.  Time  coire- 
l&tion  of  the  trace  with  the  various  functional  effects  occurring  in  the 
ayatem  during  firing  indicated  that  the  five  principal  noise  sources 
were:  primer  initiation  (pt  1,  Figure  49',  precursor  wave  exit  (pt2), 
biow-by  exit  (pt  3),  projectile  exit  (pt  4),  and  reverberation  and  jet 
noises  after  projectile  exit  (pt  5). 

The  primer  initiation  noise  started  and  continued  after 
the  firing  pin  hit  the  primer.  The  high  frequency,  long  duration,  and 
low  amplitude  indicate  that  it  was  primarily  mechanical  in  nature. 
The  peak  SPL  of  this  noise  five  meter*  from  the  system  was  approx¬ 
imately  93  db.  The  precursor  wave  formed  in  the  gun  barrel  exited 
from  the  silencer  approximately  one  ms  after  the  firing  pin  bottomed. 
The  precursor  sound  pulse,  although  not  very  distinct,  seems  to  have 
had  a  peak  SPL.  of  about  94  db.  The  blow-by  wave,  caused  by  gases 
by-passing  and  the  projectile  in  the  silencer,  exited  p.  3ms  later. 

The  sound  pulse  (pt  3)  due  to  this  blow-by  had  a  peak  3PL  of  104  db. 
The  projectile  exited  approximately  0.  4  ms  after  the  blow-by  wave. 
The  efflux  of  gases  following  the  projectile  exit  was  fairly  mild 
since  the  event  was  barely  distinguishable  from  the  secondary  acous¬ 
tical  effects  (such  as  reverberations  and  turbulence)  occurring  at 
this  time.  The  noise  generated  during  this  event  seems  to  have 
been  about  106  db  peak  SPL.  Following  the  projectile  exit,  tnere 
wii  a  relatJvely  random  prolonged  noise  generated  by  the  reverber¬ 
ations  inside  the  silencer  and  the  jet  turbulence.  The  sequence  and 
magnitude  of  the  various  sound  pulses  of  this  noise  are  inconsistent, 
varying  from  round  to  round.  In  general,  for  any  one  given  round 
the  maximum  and  average  peak  SPLs  of  this  noise  are  in  the  vicinity 
of  112  db  and  104  db,  respectively. 

Although  the  silenced  Sten  barrel  is  somewhat  bulky,  in 
general  it  compensates  for  this  bv  very  good  acoustical  performance 
and  long  service  life.  To  a  subjective  listener,  the  system  sounded 
as  an  abrupt  initiation  and  gradual  cessation  of  a  relatively  mild  hiss. 
Compared  to  other  silencers  and  silenced  barrels  with  respectable 
energy  outputs,  the  Sten  was  one  of  the  quieter  systems  tested  at 
Frankford  Arsenal. 

Si'enced  Sten  Barrel,  Type  II 


Externally,  the  Type  1  and  Type  n  silenced  Sten  barrels 
are  almost  identical.  The  two  barrels  are  also  similar  in  principle; 


however,  each  contains  a  slightly  different  set  of  internal  components 
(Figures  46  and  50  and  Table*  X  and  XI).  The  Type  II  is  distinguishable 
primarily  in  that  it*  gun  barrel  is  slightly  shorter  and  containo  two 
set*  of  bleed  holes;  its  metal  baffles  (fewer  in  number)  are  somewhat 
conical  in  shape;  and,  at  the  forward  end,  it  holds  three  felt  washers. 

In  the  barrel  tested  at  Frankford  Arsenal,  the  front  conical 
baffles  had  been  modified  previously,  ao  shown  in  Figure  50,  pre¬ 
sumably  for  experimental  purpose*.  Acoustically  there  seem*  to 
be  little  apparent  reason  for  this  modification;  if  anything,  it  made 
the  system  slightly  louder.  Originally,  acoustical  performance  of 
the  two  barrel  types  was  probably  very  similar. 

Figure  51  shows  and  identifies  the  sound  constituents  of 
the  silenced  Type  II  Sten  barrel, fired  with  the  test  action  shown  in 
Figure  48.  The  trace  was  recorded  five  meters  directly  to  the  side 
of  the  weapon.  The  first  distinct  noise  recognizable  on  the  trace 
(ptl,  Figure  51)  was  a  sound  generated  approximately  when  the  firing 
pin  hit  the  primer.  This  series  of  pulses,  with  its  relatively  low  peak 
SPL  of  93  db,  was  essentially  mechanical  in  nature.  The  next  sound 
pulse  (pt  2)  was  the  first  noise  emitted  from  the  silencer  muzzle. 

This  pulse  of  101  db  peak  SPL  was  generated  by  the  blow-by  occurring 
through  the  gun  barrel  bleed  holes. 

The  rext  sourd  pulse  (pt  3)  corresponded  to  the  time  when 
gun  barrel  muzzle  blow-by  exited  the  silencer.  This  sound  pulse 
had  a  peak  SPL  of  104  db.  The  next,  and  highest,  6ound  pulse  (pt  4) 
was  generated  by  the  exit  of  propellent  gas  which  bypassed  the  pro¬ 
jectile  through  the  modified  front  baffles.  Exit  of  this  blow-by  wave 
gave  rise  to  a  pulse  of  113  peak  SPL.  The  projectile  exited  approx¬ 
imately  0.  Cl  ms  later. 

The  initial  efflux  of  gases  following  the  projectile  exit 
resulted  in  a  positive  pulse  (pt  5)  of  104  db  peak  SPL.  Following 
this,  the  steadily  discharging  gas  gave  rise  to  turbulence  which, 
combined  with  reverberations  within  the  silencer,  generated  a  pro¬ 
longed  noise  (pt  6)  of  approximately  100  db  peak  SPL,  Characteris¬ 
tically,  this  noise  was  of  random  nature,  varying  fiom  round  to 
round. 

To  a  subjective  listener,  the  Type  II  Sten  sounded  like 
a  clap-initiated,  gradually  diminishing  hiss.  In  general,  it  seemed 
eomewhat  louder  than  the  Type  I  Sten. 
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TABLE  XI.  9  mm  Silenced  Cten  Submachine  Gun,  Type  II  Barrel 


Projectile 


W eight 

115  gr 

Diameter 

0.  356  in. 

Velocity  (at  silencer  exit) 

1000  fps 

Energy  (at  silencer  exit) 

258  ft -lb 

Travel  at  peak  ballistic  pressure  (estimated) 

0.  3  in. 

Travel  in  barrel 

3. 1  in. 

Travel  time  in  barrel  (estimated) 

0.  3  ms 

Travel  time  in  silencer 

0.  91  ms 

Propellant 

Weight  (WCC-6102,  double  base,  web  ~  0,  003  in. ) 

Chamber  volume 

Ballistic  pressure 
Peak 

At  barrel  muzzle  (estimated) 

Silencer  Characteristics 

Passage  diameter  (for  projectile) 

Passage  diameter  in  old  felt  baffles  (when  tested) 
Free  volume  around  gun  barrel 
Free  volume  in  front  silencer  portion 

Silenced  barrel 
Weight 
Length 
Diameter 


6  in. 


2.5  lb 
13.  5  in. 
1.  5  in. 


0.  50  in. 
0.  3  in. 

2. 7  in. 3 
13.  0  in.  3 


31,000  psi 
400  psi 


6  gr  {+  0.  3  gr 
primer) 
0,038  in.  3 


Standard  Sten  gun  barrel  length 

Silenced  submachine  gun  weight  (without  magazine) 


7.9  lb 
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Gun  Barrel  (Type  II),  in  Te«c  Fixture 


9  mm  P38  Walther  Pistol/AAI  Silencer 


The  9  mm  AAI  experimental  silencer  (Figures  52  and  53  and 
Table  XII)  was  manufactured  by  Aircraft  Armaments,  Inc.  about 
the  same  time  as  the  caliber  .  22  silenced  AAI  test  fixture  (see 
page  21).  This  silencer  is  adaptable  to  a  P38  Walther  pistol  by  re¬ 
moving  the  front  sight  and  securing  the  silencer  to  the  barrel  muz¬ 
zle  with  an  adaptor  sleeve.  Although  it  is  rather  bulky  and  acous¬ 
tically  not  too  impressive,  its  data  are  deemed  useful  for  comparison 
with  other  silencers  and  silencing  fixtures. 

The  9  mm  AAI  silencer  is  essentially  a  simple,  haffled,  expansion 
chamber,  5  inches  long  and  2.5  inches  in  diameter.  The  steel  silencer 
housing  holds  eight  baffles  and  nine  spacers,  all  aluminum.  Seven  of 
the  equal  chambers  formed  by  the  baffles  contain  loosely  packed  steel 
wool,  removal  of  which  does  not  seem  to  affect  the  system  acoustically. 
There  is  a  rubber  diaphragm  with  an  X-slit  at  the  silencer  muzzle, 
presumably  to  restrict  gas  flow.  At  Frankford  Arsenal  this  diaphragm 
required  frequent  replacement  as  it  was  easily  destroyed  by  the  ex¬ 
iting  projectile.  Later  it  was  found  that  the  diaphragm  had  little 
acoustical  effect  even  when  new,  probably  because  it  was  too  thin. 

The  outstanding  features  of  the  AAI  silencer  are  its  very  large 
volume  (19  in.  3)  and  the  surprisingly  ir.rge  projectile  clearances  (a 
0.  5  inch  diameter  passage  for  a  9.  35  inch  diameter  projectile).  The 
following  sound  data  are  from  the  firings  made  with  a  special  subsonic 
cartridge  (see  Table  XII). 

Figure  54  shows  the  sound  pressure-time  history  ofthe9mmP38 
pistol  without  the  silencer,  recorded  10  meters  to  the  side  of  the 
weapon.  The  first  sound  pulse  (pt  1,  Figure  54)  was  due  to  the  pre¬ 
cursor  exit  from  the  gun  muzzle.  This  pulse  had  a  peak  SPL  of  127  db. 
The  projectile  exited  the  gun  muzzle  approximately  0.  4  ms  after  the 
precursor.  The  accompanying  propellent  gas  discharge  gave  rise  to 
a  sound  pulse  (pt  2)  of  139  db  peak  SPL.  The  positive  pulse  (pt  3)  is 
a  ground  reflection  of  the  blast  pressure  wave. 

The  sound  signature  of  the  P38  pistol  with  the  AAI  silencer  is 
shown  in  Figure  55.  The  main  noise  constituents  of  the  system  were 
identified  as:  primer  initiation  (pt  1,  Figure  55),  precursor  exit 
(pt  2),  blow-by  exit  (pt  3),  and  projectile  exit  (pt  4).  The  fir  st  significant 
noise  during  firing  was  that  due  to  gas  leakage  around  the  cartridge 
case.  The  peak  SPL  of  this  noise  was  approximately  99  db.  The  next 


TABLE  XIL  9  mm  P38  Walther  Pistol/AAI  Silencer 


Projectile 

Weight 

Diameter 

Velocity  (  at  silencer  exit) 

Energy  (  at  silencer  exit) 

Travel  at  peak  ballistic  preaaure  (estimated) 
Travel  in  barrel 
Travel  time  in  barrel 
Travel  time  in  silencer 

Propellant 

Weight  (M9*  double  base,  flake,  web  —  0.  003  in. ) 

Chamber  volume 

Ballistic  pressure 
Peak 

At  barrel  muzzle 
Silencer 

Passage  diameter  (for  projectile) 

Weight 
Free  volume 

Pistol  weight  (without  silencer) 

Time  between  precursor  and  projectile  exits 
from  silencer 


115  gr 
0.  356  in. 

925  fps 
220  ft-lb 
0.  4  in. 

4.  35  in. 

0.  46  ms  (approx) 
0.  43  ms 


3  gr  (  +  0.  3  gr 
prime  •) 
0.C38  in.  3 


22,400  psi 
1,800  psi 


0.  50  in. 
3  lb. 

19  in.  3 

2.  1  lb 


0.  43  ms 
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*ound  pulse  (pt  2)  w»*  generated  when  the  precursor  exited  from  the 
silencer.  He  peak  SPL  was  105  db.  The  blow-by  w»««  generated  at 
the  gun  barrel  muzzle  exiled  from  the  silencer  after  the  precursor. 
This  blow-by  pulse,  with  its  peak  SPL  of  120  db,  represented  the 
system's  loudest  effect.  The  projectile  exited  about  0.  2  ms  alter  the 
blow-by  wnve.  Cas  flow  at  the  silencer  exit  evidently  was  altered  little 
by  the  projectile  since  the  cvenl  is  not  discernable  on  the  scope  trace. 
This,  of  course,  was  to  be  expected  with  the  large  blow-by  clearances 
and  volume.  To  a  subjective  listener,  the  system  sounded  unquestion¬ 
ably  loud. 


9  mm  Walther  MPK  Submachine  Cun/West  German  Silencer 


The  MPK  silencer  (Figures  56,  57,  and  56)  was  reportedly 
developed  in  West  Germany  sometime  alter  1963,  when  the  9  mm  MPK 
•ubmachine  gun  itself  was  introduced.  Although  somewhat  bulky  and 
internally  elaborate,  it  is  ruggedlyconstructed,  well  finished,  and 
readily  adaptable  to  a  standard  MPK  weapon.  The  construction  of  the 
silencer,  its  size  and  acoustical  performance  suggest  that  it  was  built 
as  an  experimental  model-shop  item. 

Internally,  the  MPK  silencer  (Figure  56)  consists  of  a  10  inch 
long  by  2  inch  diameter  expansion  chamber  containing  an  elaborate 
assortment  of  geometrically  complex  tubes,  vanes,  and  cones.  Except 
for  two  steel  end  pieces  and  the  steel  turbine-like  vanes,  the  silencer 
is  made  entirely  of  aluminum.  Beginning  at  the  rear,  the  silencer 
starts  with  a  simple  1.  5  inch  long  expansion  chamber,  followed  by  a 
tubular  spool, out  side-vaned  at  the  rear  and  closed  at  the  front.  The 
eteel  vanes  forming  one  end  oi  the  spool  are  brazed  to  the  aluminum 
tube.  After  the  spool  come  two  ccnes,  an  expansion  chamber,  and 
another  cone. 

All  Frankford  Arsenal  sound  tests  on  the  MPK  were  made 
with  special  rounds  loaded  for  subsonic  velocities  (Table  XUI).  The 
sound  history  of  the  MPK  without  the  silencer  is  shown  in  Figure  59. 
The  weapon's  main  noiso,  like  that  of  most  other  unsilenced  systems, 
was  due  to  the  precursor  wave  and  the  projectile  exit  blast.  The  two 
positive  pulsee  five  meler*  to  the  side  of  the  MPK  were,  respectively, 
131  and  140  db  peak  5PL. 
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TABLE  XU I.  9  mm  MPK  Walther  Submachine  Gun/German  Silencer 


Projectile 


Weight 

115  gr 

Diameter 

0.  356  in. 

Velocity  (at  silencer  exit) 

1000  fps 

Energy  (at  silencer  exit) 

255  ft-lb 

Travel  at  peak  balliatic  pressure  (estimated) 

0. 4  in. 

Travel  in  barrel 

6,  32  in. 

Travel  time  in  barrel  (estimated) 

0.  62  ms 

Travel  time  in  silencer 

0.  79  ms 

Propellant 

Weight  (M9,  double  base,  flake,  web  ~  0,003 in.) 

Chamber  volume 

Balliatic  pressure 
Peak 

At  barrel  muzzle  (estimated) 

Silencer 

Passage  diameter  (for  projectile)  0,  41  in. ,  0.  44  in. 

and  0.  55  in. 

Weight  1,5  lb  (approx) 

Free  volume  15,  0  in.  3 

Unsilenced  submachine  gun  weight  (without  magazine)  6.  2  lb. 

Time  between  precursor  and  projectile  exits  from 
silencer  (estimated)  0,69  me 


22,400  psi 
1,400  psi 


3  gr  (+  0.  3  gr 
ptimer) 
0, 038  in.  3 
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Although  not  visible  in  the  trace  of  Figure  59,  the  MPK  has  a 
relatively  loud,  prolonged,  mechanical  noise.  This  noise  is  due 
primarily  to  the  forward  slap  of  the  bolt  against  the  breech  and 
consequent  vibration  of  the  weapon's  mechanical  components.  The 
sound  trace  of  the  weapon,  fired  dry,  without  a  cartridge,  is  shown 
in  Figure  60,  The  peak  SPL  of  the  MPK's  mechanical  noise  was 
approximately  106  db  five  meters  from  the  weapon. 

The  sound  history  of  the  silenced  MPK, firing  a  subsonic  car¬ 
tridge. is  shown  in  Figure  61.  The  system's  first  significant  sound 
(pt  1,  Figure  61)  corresponded  to  the  time  of  pj.  imer  initiation.  The 
first  positive  pulse  of  this  sound  (approximately  106  db),  five  meters 
from  the  weapon,  was  due  to  the  forward  slap  of  the  bolt  against 
the  gun  breech.  Approximately  0.  2  ms  after  the  bolt  bottomed,  there 
was  a  second  positive  pulse  of  114  db  peak  SPL  due  to  rearward  gas 
leakage  around  the  cartridge  case.  Following  primer  initiation  came 
the  first  noise  emitted  from  the  silencer  muzzle.  This  was  a  pulse 
(pt  2}  of  108  db  peak  SPL  due  to  the  exiting  of  the  precursor  wave 
generated  in  gun  barrel.  The  blow-by  occurring  in  the  silencer  ex¬ 
ited  from  the  muzzle  approximately  0.  4  ms  later.  This  gave  rise  to 
a  positive  pulse  (pt  3)  of  1 1 6  db  peak  SPL.  The  projectile  exited 
about  0.4  ms  later.  This  generated  the  system's  largest  pulse  -  118 
db  peak  SPL.  Following  this  there  was  a  series  of  smaller  random 
sound  pulses  due  to  reververations  inside  the  silencer. 

Figure  62  showc,  essentially,  only  the  muzzle  noise  of  the 
silenced  MPK.  The  record  was  obtained  by  wrapping  the  weapon 
with  a  suede  coat.  The  effect  can  be  seen  most  readily  in  the  barely 
visible  primer  initiation  noise  (pt  1,  Figure  62)  and  the  more  clearly 
defined  precursor  pulse  (pt  2). 

In  comparison  to  other  systems,  the  silenced  MPK  sounded 
somewhat  louder  than  the  9  mm  Stenti  and  quieter  than  the  caliber  .  32 
and  9  mm  Welroda.  Qmlitatively,  the  MPK  sound  signature  could 
be  described  as  a  somewhat  muffled  clap,  immediately  followed  by 
a  diminishing  hiss. 


Caliber  .45  Silenced  M3  Submachine  Gun  (Figure  63) 


Bell  Laboratories  Siusnced  Barrel 

During  World  War  II,  Bell  Laboratories  investigated  si¬ 
lencing  of  various  weapons,  including  the  caliber  ,  45  M3  submachine  gun 
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A  silenced  M3  barrel  (Figures  64,  65  and  66,  and  Table  X3V)  wai 
designed  and  presented  to  the  Infantry  Board  for  evaluation.  Conclu¬ 
sions  from  the  tests  were  that  the  silenced  M3  was  quiet,  but  still 
detectable  at  close  ranges.  A  thousand  silenced  barrels  were  re¬ 
portedly  b?iilt  and  supplied  for  use  by  the  Office  of  Strategic  Services 
(OSS). 


The  Bell  Laboratories  silenced  barrel  consists  essentially 
of  a  drilled  gun  barrel  and  a  silencing  chamber  surrounding  and  ex¬ 
tending  beyond  the  gun  barrel  muzzle.  Along  its  length,  the  gun  barrel 
has  48  holes  (0.  25  inch  diameter)  which  are  positioned  in  four  straight 
rows.  During  firing,  some  of  the  gases  are  bled  off  through  the 
holes,  with  a  consequent  reduction  in  the  ballistic  gac  pressure  and 
the  projectile  muzzle  velocity. 

The  silencing  chamber  is  composed  of  two  sleeves  of 
different  lengths  and  diameters,  connected  by  means  of  a  reducing 
bushing.  The  rear  sleeve  encloses  a  roll  of  wire  mesh  which  sur¬ 
rounds  the  drilled  gun  barrel;  the  forward  sleeve,  which  extends 
beyond  the  gun  barrel  muzzle,  contains  a  stack  of  wire  mesh  discs. 

The  projectile  passage  threugh  the  wire  mesh  discs  is  0.05  inch 
in  diameter. 


The  mechanical  noise  associated  with  firing  the  silenced 
M3  submachine  gun  is  substantial,  if  not  dominant.  As  with  the  Sten 
gun,  it  was  found  more  realistic  to  evaluate  the  silenced  M3  barrel 
without  the  overshadowing  mechanical  noise.  Consequently,  the 
sound  results  described  herein  were  obtained  with  the  silenced  bar¬ 
rel  held  in  a  special  uingle  shot  test  fixture.  *  The  following  sound 
records  were  rcc*  rded  by  an  Ampex  351  tape  reco-der  before  being 
transferred  to  the  oscilloscope  and  the  camera  film 

Figuru  67  shows  a  scope  trace  of  the  Bound  pressure-time 
history  of  a  standard  caliber  .  45  M3  barrel  (7.  5  inches  long)  fired 
with  a  test  fixture.  The  trace  was  recorded  ten  meters  to  the  side  of 
the  weapon.  The  two  prominent  sound  pulses  on  the  trace  were  due 
to  exiting  of  the  precursor  wave  (pt  1,  Figure  67)  and  the  gas  dis¬ 
charge  following  the  projectile  exit  (pt  2).  The  two  pulses  were, 
respectively,  115  and  130  db  peak  i>PL, 

Sound  signature  of  the  Bell  Laboratories  silenced  barrel 
and  test  fixture  is  shown  in  Figure  68.  The  main  sound  pulses  were: 


*See  Figures  71  and  72 
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TABLE  XJV.  Caliber  .45  M3  Submachine  Gun/Bell  Laboratories 
Silenced  Barrel 


Projectile 

Weight 

235  gr 

Diameter 

0.  450  in. 

Velocity  (at  silencer  exit) 

768  fps 

Energy  (at  silencer  exit) 

310  ft-lb 

Travel  at  peak  ballistic  pressure  (estimated) 

0.  22  in. 

Travel  in  barrel 

7.  4  in* 

Travel  time  in  barrel  (estimated) 

0.  95  me 

Travel  time  in  silencer 

0.  69  ms 

Propellant 

Weight  (HPC1,  double  base,  flake.  web~  0,003  in.) 

5  gr  (+  0.  4  gr 

primer) 

Chamber  volume 

0.061  in.  3 

Ballistic  pressure 

Peak 

20,000  psi 

At  gun  barrel  muzzle  (estimated) 

200  psi 

Silencer 

Passage  diameter  (for  projectile) 

0.  50  in. 

Free  volume  around  gun  barrel 

7. 2  in. 3 

Free  volume  in  front  portion 

2.  5  in. 3 

Volume,  rolled  wire  mesh  (brass) 

2. 9  in. 3 

Volume,  stacked  wire  mesh  discs  (brass) 

2.  8  in. 3 

Silenced  barrel 

Weight 

2.  63  lb 

Total  length 

14. 2  in. 

Standard  M3  barrel 

Weight 

t.  25  lb 

Length 

7.  9  in. 

Standard  M3  submachine  gun  weight  (without  magazine) 

8.  1  lb 
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primer  initiation  (pt  1,  Figure  68),  bleed  hole  blow-by  exit  (pt  2), 
gun  barrel  muzzle  blow-by  exit  (pt  3),  and  projectile  exit  (pt  4).  The 
bleed  hole  blow-by  (pt  2)  arid  the  gas  discharge  following  projectile 
exit  (pt  4)  constituted  the  main  noise  sources  of  the  system.  Both 
pulses  had  a  107  db  peak  SPL,  The  gun  barrel  muzzle  blow-by  re¬ 
sulted  in  a  sound  pulse  (pt  3)  of  101  db  peak  SPL. 

Although  the  Bell  Laboratories  silenced  barrel  reduced 
projectile  velocity  of  the  standard  M3  submachine  gun  from  920  of 
770  fps,  th,'.  projectile  muzzle  energy  still  remained  a  respectable 
310  it -lb.  This  ie  only  slightly  less  than  the  onergy  of  a  caliber  .45 
pistol  and  50  ft-lb  more  than,  the  energy  of  the  tested  9  mm  silenced 
Sten  gun. 


To  a  subjective  listener,  both  systems  (Bell  Laboratories 
M3  and  the  9  mm  silenced  Sten)  sounded  comparable  in  loudness. 
However,  each  weapon  had  its  own  characteristic  sound  signature  - 
the  M3,  a  mild  clap;  the  Sten,  a  distinct  hiss.  A  disadvantage  of 
the  M3  is  that  the  wire  mesh  requires  periodic  cleaning  and  replace¬ 
ment. 


AMF  Silenced  Barrel 


The  AMF  silenced  M3  barrel  (Figures  69  through  72  and 
Table  XV)  is  an  experimental  item  manufactured  in  the  1960’s  by 
American  Machine  and  Foundry  Company  (AMF).  It  utilizes  a  5.  6  in. 
long  gun  barrel  and  a  1.  25  in.  diameter  silencing  tube  which  surrounds 
and  extends  9  inches  beyond  the  gun  barrel.  Whereas  the  space  sur  ¬ 
rounding  the  gun  barrel  is  not  utilized,  the  fro-**  portion  of  the  tube 
forms  the  system's  silencer.  This  front  section  is  filled  through¬ 
out  its  length  with  closely  stacked  wire  mesh  discs,  separated  by 
five  irregulaily  positioned  rubber  discs.  In  the  silenced  barrel 
tested  at  Frankford  Arsenal,  the  projectile  passage  through  the 
rubber  discs  was  approximately  0.5  inch  in  diameter.  Originally, 
these  discs  probably  partially  or  completely  closed  off  the  silencer 
interior.  The  gun  barrel  of  the  AMF  system  is  2  inches  shorter  than 
that  of  a  standard  M3  weapon.  This,  however,  results  in  only  a 
slight  reduction  in  projectile  velocity. 

The  AMF  silenced  barrel  was  tested  at  Frankford  Arsenal 
with  a  single  shot  fixture,  shown  in  Figures  71  and  72.  Figure  73 
shows  the  scope  trace  of  the  sound  pressure-time  hiatory  of  the  5.  6inch 
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TABLE  XV.  Caliber  .45  M3  Submachine  Gun/AMF 
Silenced  Barrel 


Projectile 
Weight 
Diameter 

Velocity  (at  silencer  exit) 

Energy  (at  silencer  exit) 

Travel  at  peak  ballistic  pressure 
Travel  in  barrel 
Travel  time  in  barrel 
Travel  time  in  silencer 

Propellant 

Weight  (HPC1,  double  base,  flake,  web  ~  0.  003  in. )  5gr(+0.  4gr 

primer) 

Chamber  volume  0.  061  in.  3 

Ballistic  pressure 
Peak 

At  barrel  muzzle 
Silencer 

Projectile  passage  diameter  in  wire  mesh  discs 
Projectile  passage  diameter  in  old 
rubber  discs 

Free  volume  (fornt  of  barrel) 

Free  volume  around  barrel  (unused) 

Volume,  stacked  brass  wire  mesh  and  rubber  discs 

Silenced  barrel 
Weight 
Length 

Standard  M3  barrel 
Weight 
Length 

Standard  M3  submachine  gun  weight 
(without  magazine)  8.  I  lb 

Time  between  precursor  and  projectile  exits 
from  silencer  (estimated)  0.56  ms 


1.25  lb 
8.  0  in. 


2.5  lb 
15.  1  in. 


0.  50  in. 


0.  50  in. 
4. 9  in. ^ 
2.  9  in. 3 
4. 5  in. 3 


20,  000  psi 
1,600  psi 


235  gr 
0.  45  in. 
910  fps 

435  ft-lb 
0.  22  in. 
5.  6  in. 

0.  85  ms 
0.  83  ms 
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long  gun  barrel  without  a  silencer.  The  trace  was  recorded  ten 
meters  to  the  side  of  the  weapon.  The  two  prominent  sound  pulses 
on  the  trace  were  due  to  precursor  wave  exit  (pt  I*  Figure  ?3)  and 
gae  discharge  following  the  projectile  exit  (pt  2).  The  corresponding 
peak  SPL'e  of  the  two  pulses  were  1 13  db  and  130  db, 

Sound  pressure-time  history  of  the  AMF  silenced  M3 
barrel  (with  old  rubber  baffles)  is  shown  in  Figure  74.  The  first 
sound  recorded  upon  firing  the  system  was  generated  at  the  lime  of 
primer  initiation.  The  low  peak  SPL  (~93  db)  of  this  sound  indicates 
that  it  was  primarily  mechanical  in  nature.  The  next  sound  pulse 
(pt  2,  Figure  74)  was  generated  when  the  blow-by  wave  exited  from 
the  silencer.  This  wave,  formed  by  gases  bypassing  the  projectile, 
resulted  in  a  peak  SPL  of  )  27  db.  Projectile  exited  from  the  silencer 
approximately  0,65  ms  later,  giving  rise  to  the  positive  pulse  (pt  3) 
of  121  db  peak  SPL. 

In  general,  firing  of  the  AMF  silenced  barrel  was  char¬ 
acterized  by  a  relatively  sharp  crack,  perhaps  only  slightly  quieter 
than  that  of  a  standard  caliber  .  22  Short  pistol.  Better  acoustical 
results  would  possibly  have  been  realized  if  the  rubber  discs  were 
new.  However,  the  system's  loudness  would  probably  still  be  limited 
by  noise  due  to  abrupt  emergence  of  the  massive  projectile.  (See  data 
on  9  mm  Welrod. ) 


CONCLUSIONS 


The  more  important  physical,  functional,  and  acoustical  data 
of  the  tested  silenced  and  uneilenred  weapons  are  tabulated  in  Table 
XVI.  The  peak  SPL' a  of  the  various  pulses  in  this  table  were  taken 
from  the  preceding  sound  scope  traces.  In  cases  where  the  sound 
scope  trace  was  recorded  at  a  distance  other  than  five  meters,  the 
data  were  extrapolated  for  comparative  purposes. 

Although  in  most  weapons  the  major  sound  pulse  was  generated 
at  the  time  of  projectile  exit,  there  were  some  weapons  (such  as  the 
caliber  .22  Frankford  Arsenal  silencer,  caliber  .  30  carbine,  etc.) 
which,  gnerated  the  largest  pulse  because  of  blow-bv.  Some  weapons 
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(with  gun  barrel  bleed  holes)  generated  a  large  sound  pulse  due  to 
bleed  hole  blow-by.  In  all  weapons  except  the  caliber  .45  Bell  Lab¬ 
oratories  silenced  barrel,  thin  pulse  wan  secondary  in  magnitude. 

The  primer  initiation  peak  SPL  was  found  to  vary  from  weapon 
to  weapon.  There  were  even  substantial  differences  betv  «*en  similar 
weapons.  However,  since  in  most  cases  the  largest  primer  initiation 
pulse  was  due  to  gas  leakage  around  the  cartridge  case,  substantial 
differences  in  SPL  could  be  attributed  to  minute  differences  in  car¬ 
tridge  chamber  clearance  or  simply  to  dirt  accumulation  in  the  weapon. 
The  highest  primer  initiation  SPL  was  'hat  of  the  9  mm  MPK  (114  db), 
Th<  caliber  .  'SZ  sleeve  gun  had  the  lowest  initiation  pulse  with  a  peak 
SPL  of  only  8?  db. 

For  some  of  the  silenced  weapons,  sound  scope  traces  were 
taken  at  various  distances  (1,  5,  and  10  meters).  Although  the  data 
are  not  included  herein,  it  is  worth  mentioning  that  with  some  silenced 
weapons  the  peak  SPL  readings  at  1  and  5  meters  were  found  to  differ 
by  asmuchas  18  db.  This  is  a  4-db  greater  attenuation  than  would  be 
expected  from  a  simple  spherical  expansion.  From  5  to  10  meters, 
the  peak  SPL  of  some  weapons  was  attenuated  by  nearly  7  db  instead  of 
the  normal  6  db.  It  was  also  noticed  that  with  distance,  some  changes 
occurred  in  the  general  shape  of  the  various  sound  signals.  In  each 
case  many  of  the  short  sound  pulses  tended  slowly  to  coalesce,  thus 
defining  more  and  more  clearly  such  pulses  as  precursor,  blcw-by, 
etc. 


The  above  effects  can  be  attributed  to  the  fact  that  high  sound 
pressures  propagate  at  a  slightly  faster  velocity  than  lower  sound 
pressures.*  Although  the  phenomenon  may  bear  little  significance 
in  general  acoustics,  in  Frankford  Arsenal  tests  it  was  found  suffi¬ 
cient  to  induce  a  slow,  but  noticeable,  change  in  the  shape  of  the 
various  major  pulses  toward  that  of  a  balanced  N-wave. 

Throughout  the  sound  tests,  efforts  were  made  to  note  how  each 
weapon  sounded  to  a  listener,  particularly  in  terms  of  quality  and  re¬ 
lative  loudness.  These  impressions  were  later  compared  with  the 
corresponding  sound  scope  traces.  Although,  at  most,  only  several 
listeners  were  involved,  the  consensus  is  nevertheless  interesting. 
Almost  inveriabiy  sound  signatures  with  one  or  several  shock  pulses 


* 


See  Appendix  C 
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sounded  sharp  and  snappy;  the  signatures  containing  a.  large  number 
of  pulses  or  simply  mere  'hash"  also  sounded  snappy,  but  less 
sharp,  more  prolonged,  more  muffled,  and  more  rar.aom  in  quality, 
Sound  signatures  which  were  predominatly  "hash"  (such  at?  those  of 
the  Sten,  Maxim,  and  carbine)  sounded  like  an  abrupt  initiation  of  a 
hiss  (or  hish).  All  sound  signatures  cortaining  distinct  and  iecog- 
nizable  shocks  seemed  more  piercing. 

Although  the  quality  of  each  sound  signature  was  definitely  rec¬ 
ognizable,  the  primary  factor  determining  the  relative  loudness  was 
found  to  be  the  signal's  peak  SPL,  *  Whether  by  coincidence  or  design, 
the  weapons  with  higher  peak  5FL  almost  invariably  sounded  louder 
and  yftore  perceptible.  This,  of  course  does  not  discount  the  fact 
that  there  may  be  other  dominant  factors  affecting  a  given  weapon's 
detectability  at  large  distances.  As  an  example  one  could  consider 
the  faster  attenuation  of  short  pulses  with  distance. 

Compiled  experimental  sound  data  iv  icate  that  the  better  si¬ 
lenced  systems  registered  a  peak  SPL  of  approximately  110  db  five 
meters  from  the  weapon.  In  most  weapons,  the  main  sound  source 
was  the  abrupt  discharge  of  propellent  gas.  In  some  weapons  (those 
with  flexible  baffles)  the  noise  due  to  gas  discharge  was  relatively  low; 
however,  the  abrupt  projectile  emergence  at  the  muzzle  generated  a 
noise  just  as  undesirable.  The  precursor  wave  of  an  unsilenced 
weapon  generated  a  peak  SPL  in  the  vicinity  of  120  db.  Most  of  the 
straight-through  silenced  weapons  tested  attenuated  the  precursor 
down  to  about  90  db.  The  mechanical  noise  was  found  to  depend  on 
system  design.  In  some  of  the  quieter  weapons,  mechanical  noise  was 
in  the  vicinity  of  90  db. 

Evaluation  of  the  compiled  experimental  and  theoretical  data 
indicates  that  a  silenced  system  quitter  than  the  weapons  tested  at 
Frankford  Arsenal  is  feasible.  However,  a  system  with  noise  level 
below  90  db  at  five  meters  will  most  likely  evolve  gradually  and  only 
with  a  fuller  understanding  of  the  noise-generating  mechanisms. 


RECOMMENDATIONS 


1.  Conduct  analytical  design  of  an  optimum  silenced  small  arms 
weapon  based  on  experimental  and  analytical  data  generated  to  date. 


*See  Appendix  F 
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2.  Continue  analytical  study  of  noise-generating  and  attenuating 
mechanisms  in  small  arm  weapons. 

3.  Acoustical  evaluation  of  small  arm  weapons  should  be  based 
on  identification  and  interpretation  of  individual  noise  sources  de¬ 
termined  from  oscilloscope  traces  of  the  overall  weapon  sound  history. 
Peak  sound  pressure  level  should  be  established  as  a  factor  of  primary 
significance. 


APPENDIX  A 

BALLISTIC  CRACK  FIELD 


When  &  supersonic  projectile  exits  an  unKtleeced  gun  barrel, 
the  uncorked  propellent  gasee  generate  a  spherically  expanding  blast 
wave.  The  wave  initially  bypasses  the  projectile;  however,  dissipating 
rapidly,  it  slows  downto  almost  sonic  velocity  and  is  overtaken  by 
the  projectile  within  a  matter  of  a  few  feet  from  the  muscle.  Later, 
in  the  free  far  field,  the  initial  projectile  lag  is  overshadowed  by  the 
linear  geometric  expansions,  and  projectile,  muscle  blast,  and  bal¬ 
listic  crack  acquire  approximately  the  proportional  relationship  shown 
below. 


/ 


Here  the  sound  firld  consists  essentially  of  ballistic  crack,  muzzle 
blast,  and  muzzle  blast  passed  over  b"  ballistic  crack.  The  accous- 
tical  significance  of  ballistic  crack  and  muzzle  blasthave  been  pre¬ 
viously  considered*  It  only  remains  to  mention  that  the  section  of 
muzzle  blast  wave,  having  been  passed  over  by  the  ballistic  crack, 

•Sec  Appendix  C  and  Reference  46, 

US 


i 


essentially  suffers  only  slight  refraction  and  scattering  by  turbu¬ 
lence. 

In  the  far  field,  the  ballistic  crack  cone  is  nearly  tangential  to 
the  blast  wave  sphere. 

The  angle  between  the  ballistic  wave  envelope  and  the  projectile 
trajectory  depends  solely  on  the  projectile  velocity.46  K  i«  expresses 

by:  *  1  i\\ 

*  '  '  (/5m) 

where  M  -  projectile  Mach  No. 

The  aaimuth  angle  from  the  weapon  to  the  tangency  point  of 
blast  and  ballistic  wave  envelopes  is  expressed  oy: 

8  *  tan  -l  0/5*77)  (2) 

The  plot  of  the  ballistic  crack  field  half-angle,  8,  in  shown  below. 


) 


Thu*,  it  is  seen  that, with  the  usual  supersonic  projectile  velocities, 
the  ballistic  crack  is  confined  to  approximately  a  130*  cone  to  the 
front  of  the  weapon.  Tne  cone  increases  to  1605  with  projectile 
Mach  number  of  6.  At  Mach  1.5,  the  cone  decrease*  to  about  100*, 
and  at  Mach  1  it  vanishes  altogether. 

The  above  data  find  application  when  silencing  a  supersonic 
weapon.  Thus,  although  the  silencer  will  effectively  attenuate  nrnzile 
blast  the  usually  loud  and  far  ranging  ballistic  crack  will  still  persist 
within  the  defined  frontal  cone.  To  the  side  and  the  rear  will  be 
heard  the  somewhat  weaker,  spherically  expanding  ballistic  crack 
reflecting  from  the  weapon. 


APPENDIX  B 


SUBSONIC  PROJECTILE  FLIGHT  NOISE 


Subsonic  projectiles  generate  noise  in  flight.  Although  this 
noise  is  much  quieter  than  that  of  supersonic  projectiles,  it  can  be 
quite  loud  an.'  detectable  at  large  distances  from  the  projectile 
trajectory.  To  the  side  of  the  passing  subsonic  projectile,  one  hears 
the  characteristic  swish;  first  increasing,  then  diminishing  in  in¬ 
tensity.  Although  this  noise,  like  all  turbulence-initiated  noises,  can 
have  a  seemingly  random  quality,  in  the  far  field  it  is  generally  found 
to  be  periodic.4*  Ite  frequency  dependa  primarily  on  the  flow  velocity 
and  the  diameter  of  obstruction  in  the  flow;  however,  ae  will  be  seen, 
several  other  factors  must  also  be  given  consideration.  A  typical 
subsonic,  small  caliber,  flat  based  projectile  generates  about  95  db 
peak  SPL  at  10  meters  from  its  trajectory.  In  comparison,  the 
more  etreamlined  projectiles  are  generally  found  substantially 
quieter. 

The  basic  noise -generating  mechanism  of  subsonic  projectiles 
consists,  briefly,  of  the  following.  Throughout  the  projectile  flight 
e  certain  amount  of  air  within  the  turbulent  boundary  layer  follows 
the  projectile.  (See  simplified  figure  below.) 


The  velocity  differential  between  the  surrounding  air  and  the  air 
traveling  with  the  projectile  generates  shear  forces  which  accelerate 
the  air  within  the  boundary  layer  into  a  vortical  spin.  The  attached 
spherical  vortex  sixe  increases  simultaneously  with  increased  spin 
until  the  vortex  is  finally  washed  downstream.  Thus,  the  amount  of 
air  traveling  with  the  projectile  decreases  and  the  process  repeats. 
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The  energy  of  the  attached  spherical  vortex27  propagating  at 
the  velocity  of  the  projectile  is 

Ev.Ub’p0v*  a 

where 


b  *  vortex  diameter,  projectile  wake  diameter; 
pe  *  air  density; 

V  *  projectile  velocity- 

The  energy  expended  by  the  projectile  to  generate  a  single  vortex  is: 


Eb~  (cb 


4  2  '  i 


where 


Cb  -  projectile  wake  area  drag  coefficient. 


f  =  projectile  vortex  shedding  frequency. 


(21 


Upon  equating  the  above  two  equations,  it  is  found  that 


(3) 


Thus,  the  projectile  vortex  shedding  frequency  acquires  the  familiar 
form  of  Strouhc.1  frequency,  f  *  (const)  V/b.  For  flat  tailed  projectiles, 
Cj,  has  a  typical  value  of  0.  2.  When  the  flow  is  fully  attached,  which 
is  the  case  with  projectile  boat  tail  tapers  not  exceeding  about  IS*, 
the  wake  diameter  c  i  generally  be  assumed  equal  to  that  of  the  pro¬ 
jectile  base  flat.  If  the  flow  separates  before  the  tail  end,  then  the 
wake  cross-section  area  can  be  taken  as  approximately  the  average 
projectile  area  between  tail  and  point  of  separation. 


Representing  the  sound  generating  projectile  as  a  moving, 
monopole  source,  the  far  field  sound  pressure  to  the  side  of  the  pro¬ 
jectile  becomes 

4nr\dt2  ’  (4) 
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where 


r  a 
d^m 

dt2 


distance  from  projectile  trajectory; 

=  time  change  of  air  mass  flow  rate^from  and  toward 
projectile. 


The  sound  pressure, as  a  function  of  time,can  be  represented  by 


where 


p  *  Pm  *in  2nft 


(5) 


pm  -  peak  sovmd  pressure; 
t  =  time. 


Combining  Equations  4  and  5  and  integrating,  the  air  mass  flow  rate 
at  the  projectile  is  found  to  be  represented  by 


./££2L  cos  2rtft,  (6) 

Integration  of  above  equation  over  a  time  period  of  half  a  cyela  yields 
the  periodic  change  in  air  mass  attached  to  the  projectile  as 

M  =  (7) 

nf2 


Thus,  the  peak  sound  pressure  as  a  function  of  frequency  and  period¬ 
ically  transferable  mass  becomes 


nf2M 
Pra  =  2r 


(8) 


But, the  transferred  mass  at  the  projectile  is  that  ot  the  spherical 
vortex;  i. e.  , 


M 


(9) 


Combining  Equation*  3,  8,  and  9,  the  peak  sound  pressure  generated 
by  the  cubsonic  projectile  le  found  to  be 

_  _  49*2  ^q,?"»oV2 

Pm  ~  1200  r  (10) 

Thus,  knowing  the  projectile  shape  and  velocity.  Equation  10  may  be 
used  to  estimate  the  peak  sound  pressure.  Comparison  of  such 
estimates  with  experimental  data  available  to  date*  from  a  few 
variously  shaped  projectiles  indicated  restively  good  agreement. 


* 


Unpublished  Frankford  Arsenal  data 
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APPENDIX  C 


GUN  MUZZLE  BLAST 


In  the  far  field,  a  noise  generating  tube  ran  often  be  treated 
as  a  simple  acoustical  monopole  source;^,  ^that  is,  its  sound 
diverges  as  a  symmetrical  sphere.  Ihis  is  most  readily  borne  out 
by  the  schlieren  photographs  of  discharging  shock  tubes  and  abruptly 
uncorked  pressurized  cylinders  (including  small  arm  weapons).  18 
Each  of  these  cases  almost  invariably  shows  the  initial  shock  expanding 
spherically  front  the  tube  mouth.  It  may  naturally  be  further  inferred 
that  the  stir  or  gas  behind  the  expanding  shock  also  moves  spherically 
away  from  the  cource. 

Physically,  a  monopole  source  can  be  envisioned  as  a  spherical 
baloon  expanding  or  contracting  uniformly  in  all  directions,  thus  gen¬ 
erating  sound  pressure  swhich  also  diverge  uniformly  in  all  directions. 
The  far  field  eound  pressure  for  such  a  source^  is  given  by 


P 


(1) 


where 

p  =  far  field  sound  pressure 
Pu  =  ambient  air  density; 
r  =  distance  from  source; 

Q  =  volume  of  ambient  air  being  displaced  by  source; 
t  a  time. 

Algebraic  manipulation  and  integration  of  the  above  equation  yields 


where 


instantaneous  air  volume  displacement  rate  at  the  source; 

cumulative  area  under  the  sound  signal's  pressure¬ 
time  trace. 
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With  a  scurcc  (such  ae  a  porous  sphere,  a  nozzle,  etc.)  of  constant 
discharge  area  emitting  g?„s,  the  air  displacement  depends  on  the  quan¬ 
tity  of  gat  being  discharged  and  on  how  this  gas  expands  from  discharge 
to  atmospheric  pi  assure,  in  cases  of  interest  the  expansion  process 
is  generally  very  nearly  isentropie.  Thus,  the  instantaneous  air 
volume  displacement  rate  can  be  expressed  by 


(£)- 


/Pt  \  1/Y 

Wo)  A 


tUt 


(3) 


where 


P{  -  absolute  pressure  of  gas  at  discharge; 

PQ  =  ambient  air  pressure; 

Y  =  gas  ratio  of  specific  1-eats; 

At  »  gas  discharge  area; 

Uj  *  gas  flow  velocity  at  discharge. 

The  sound  signal  pressure-time  area  becomes  related  to  the 
source  gas  flow  parameters  by 


Thus,  it  is  seen  that  the  cumulative  sound  signal  impulse  is  directly 
proportional  to  the  volumetric  air  or  gas  flow  rate  at  the  source. 
That  is,  the  positive  and  the  negative  sound  pulses  represent,  re¬ 
spectively,  an  increase  and  a  decrease  in  gas  flow  rate.  Further, 
since  a  given  increase  in  gas  flow  must  eventually  be  followed  by  an 
equal  decrease  in  gas  flow,  it  follows  that  a  transient  bignal  must 
necessarily  consist  of  both  a  positive  and  a  negative  portion.  Each, 
however,  may  be  variously  distributed  throughout  time.  Although 
Equation  4  is  suificient  to  describe  the  sound  field  due  to  change  in 
gas  flow  over  a  finite  time,  it  in  insufficient  for  application  to  prob¬ 
lems  involving  abrupt  initiation  or  cessation  of  gas  flows. 

Consider  a  point  source  of  spherical  discharge  area,  A(.  If 
ths  source  abruptly  starts  and  continues  discharging  gas  at  a  steady 
rate,  a  sawtooth  sound  pulse  will  emanate  from  the  source  (see 
sketch). 
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Steady  flow  conditionu  will  be  established  behind  the  sound  pulse, 
where  gas  flow  rate  will  be 


=  Apu  (5) 

where 

A(  •  source  gas  discharge  area,  4nb~j 

Pt  *  gas  discharge  density; 

-  gas  discharge  flow  velocity; 

3  area,  density,  and  tlow  velocity  at  some  diatanco  from  the 
source. 


If,  at  the  source,  the  discharge  conditions  are  supersonic,  i.  e,  , 
flow  velocity  is  equal  to  local  sonic  velocity,  then  in  the  range 
b  s  x  s  xQ, 


0 


1/Y 


and 


From  Equations  5,  6,  and  7, 


P  = 


2Y 

v+T 


(6) 


(?) 


(8) 


and 


u 


(9) 


where 


Pj.  =  absolute  pressure  of  gas  at  discharge; 
at  =  discharge  sonic  velocity; 
x  =  distance  from  center  of  source; 

P,a  =  absolute  pressure  and  sonic  velocity  at  some  distance,  x, 
from  source. 

At  distance  xD  from  *he  source,  the  gas  will  have  fully  expanded 
to  atmospheric  pressure.  At  this  location,  x  =  xq, 

P  =  P  .  (10) 

o 


From  Equation  8 


and  from  Equation  9 


uo  = 


(12) 


where 

ue  =  flow  velocity  at  pt  Xq. 

P  =  ambient  air  pressure, 
o 

Beyond  the  distance  x0,  the  gaa  remains  at  constant  density  and 
atmospheric  pressure.  Thus,  for  xD  s  x. 


P  =■•  P 


o 


(13) 


and,  from  Equation  5, 


(14) 


(15) 


Integrating  Equation  15  for  the  boundary  conditions  of  x  =  at 
t  »  0, 


which  describes  the  location  and  velocity  of  a  given  discharge  gao 
particle  with  time.  Consider  now  an  abruptly  initiated  gaB  flow 


and  the  air  particle*  immediately  in  front  of  the  advancing  gas  front. 

The  air  velocity  and  location  can  he  described  by  Equations  16  and  17. 
The  pressure  of  toe  air  is  related  to  its  velocity.  Thus,  if  it  is  assumed 
that  the  air  acquired  its  velocity  by  virtue  of  a  pasning  shock, then 
the  overpressure  will  be  given  by 


where 


ftP  - 


V  +  1 
4 


YP^M2 


8 


Y(y  +  1)  M‘ 


M  =  u/a0,  air  flow  Mach  No. 
flP  =  static  gauge  pressure. 

For  M  *1,  the  overpressure  may  be  estimated  by 


(18) 


&P  w 


V  »  1 

z 


yp0m2 


(19) 


If  it  is  assumed  that  the  air  in  front  of  the  cdv»ncing  gas  front  acquired 
Its  velocity  through  inaenf.ropic  wave  compression,  :h*>n  the  over- 
pressure  can  be  expressed  by 


AP 


••![ 


2v 

Y  -  1 


(^0) 


F  rMf  1,  this  overpressure  may  te  estimated  by 


AP  *  YP0M 


(21) 


Whichever  case  is  assumed,  shock  or  isentropic  wave  compression 
\lhe  actual  case  will  be  someplace  between  the  two),  it  is  evident 
taat  a  reasonable  overall  representation  of  the  overpressure  in 
terms  of  velocity  is  obtainable  with 


k2 

AP  kjM 


(22) 


kj  and  =  appropriate  constants. 


wher  » 


i 


Now,  a  spherical  pressure  wave  diverging  from  its  source  can  be 
described  by 


P 


APx 

r 


(23) 


where 


=  overpressure  at  given  distance  x  from  center  of  source; 
p  =  overpressure  {or  sound  pressure)  at  distance  r. 


Substituting  Equations  16,  17,  and  21  into  Equation  23,  the  far  field 
sound  pressure  due  to  abrupt  initiation  of  gas  flow  becomes 


VP0x0u0 


P  = 


ao 

Pm 

3unt 

...  9  +  i 

1/3 

'3V 

X° 

x0  1 

[1/3 


(24) 


Equation  24  describes  a  family  of  curves  depending  on  magnitude  of 
(u0/xo)  (see  sketch  below). 


It  can  be  seen  that  in  each  case  the  sound  pressure  decreases 
exponentially  with  time.  The  rate  of  decrease,  however,  depends  on 
the  characteristic  flow  parameters  of  the  source.  Except  at  the  time 
when  the  sound  pressure  is  very  near  p^,  the  factor  3u0t/x0  is 
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substantially  larger  th*n  !,  and  the  sound  pressure  can  be  estimated  by 


Pm 

m/3 

I  *° . 


(2S) 


Taking  the  time  t  as  the  representative  time  period  of  the  sound 
pulse  and  rearranging  Equation  25, 


if  the  time  period  is  established  at  a  constant  pressure  ratio(pm/p) , 
then  it  will  depend  only  on  the  source  discharge  area,  discharge  pres¬ 
sure,  and  discharge  velocity,  and  can  be  expressed,  generally,  as 


>SfeP 


“t 


127) 


where 


C  s  an  arbitrary  constant. 

This  equation  is  seen  to  be  similar  in  form, to  the  '’Strouhal”  frequency 
except  for  the  additional  factor  (Pt/P0>'  V  V„  It  is  to  be  noted  that 
the  sound  pulse  duration  remains  relatively  independent  of  the  equation 
used  for  relating  the  air  pressure  to  it*  velocity.  The  only  prerequisite 
is  that  it  i*  of  the  form  described  by  Equation  22, 

Some  insight  into  the  above  problem  is  to  Oe  gained  by  con¬ 
sidering  the  nonlinear  propagation  of  strong  sound  pulse*  . 1 3  Con¬ 
sider  a  relatively  strong  sawtooth  sound  pulse  (shown  in  the  following 
sketch). 
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3y  virtu«  of  higher  pressure,  the  shock  front  (point  l)  will  progagete 
faster  than  the  pulse  tail  (point  2).  The  velocity  of  the  shock  front 
in 


C»  s  »0  1  + 


y  +  1  ] Pm 
4Y  1  PQ 


(28) 


The  pulse  fail,  of  course,  propagates  at  approximately  ambient  sonic 
velocity,  »0.  Due  to  this  velocity  differential,  the  pulse  will  tend  to 
stretch  out  with  time  (and  travel).  Change  in  the  pulse  time  duration 
can  be  represented  in  differential  form  by 


dT  r  1  — -  dr  (2d) 

4  V  Poa0 

Corresponding  to  this  increase  in  pulse  time  duration,  the  peak  sound 
pressure  v.i ll  decrease.  For  the  spherically  expanding  wave  front 
the  relationship  between  pulse  pressure,  duration,  and  travel  can  be 
represented  by 


TPm*-  «  T 1  Pm  1  r  1 


(iO) 


where 


Tl  *nd  Pmj 
T  and  pm 


=  pulse  duration  and  pressure  at  some  inference 
location,  rj; 

=  pulse  duration  and  pressure  at  some  location,  r. 


Solution  of  Equations  29  and  30  indicates  that  the  instantaneous  peak 
sound  pressure  of  a  sawtooth  pulse  can  be  represented  ir.  terms  of 
its  travel  by 


Pm 


Pmlrl 


V  +  I  Pmlr2 
2Y  “  P0*oTi 


The  sound  pulse  time  duration,  as  a  function  of  travel,  is 


(31) 


T.|— 


(32) 


Thus,  it  is  seen  that  the  relative  time  duration  of  a  sound 
pulse  with  long  wave  length  and  small  amplitude  changes  little 
with  distance  from  its  source.  On  the  other  hand,  short  sound 
pulses^  especially  those  of  high  amplitude,  can  significantly  incrase 
in  time  duration.  This  time  increase  is  accompanied  by  a  proportionate 
decrease  in  amplitude  beyond  that  of  the  simple  spherical  expansion. 

Consider  now  a  long  pressurized  cylinder  (sketch  follow. ng) 
containing  a  gas.  Initially,  the  gas  is  at  some  absolute  pressure, 

Pj,  and  absolute  temperature,  T^.  Initial  velocity  of  gas  is  zero. 

As  the  cylinder  io  suddenly  uncorked,  a  sawtooth  sound  pulse  emanates 
from  the  meuth  of  the  cylinder  while  a  rarefaction  wave  travels  in¬ 
ward,  Until  the  rarefaction  wave  reflects  from  the  bottom  of  the 
cylinder,  the  discharge  conditions  at  the  tube  exit  remain  relatively 
constant  and  dependent  on  the  initial  gas  conditions. 

If  the  initial  sound  pulse  due  to  abrupt  initiation  of  gas  flow  is  repre¬ 
sented  by  a  right  triangle  of  amplitude,  p^and  time  duration,  T,  then 


and,  from  Equation  4,  the  peak  sound  pressure  becomes 


p0  /Pn1/VA 

Pkn  -  \Tr)  ^ut  (34) 

where  At,  Pt,  and  u*  are,  respectively,  discharge  area  ( nd?'/4),  pr< 
sure,  and  velocity. 


Gas  discharge  from  the  cylinder  depends  on  the  initial  gas  conditions, 

«  n  ‘  po(JLr1)2v/v‘‘ “3-‘po- 

Pt  =  Po  (35) 


= 


2al  1 

(Y-l) 


2a°  (H 

\  p /  (y-~^ST0 


and  subsonic  conditions  prevail  at  the  tube 
velocity'  is  smaller  than  sonic  velocity. 

If  the  initial  gas  pressure  is  Pj  2  PQ 


exit,  i.  e,  ,  locally,  flow 
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In  this  case  the  gas  is  discharged  at  a  velocity  just  equal  to  its  local 
sonic  velocity.  This  is  the  usual  case  found  in  unsilenced  (and  most 
silenced)  weapons,  as  here  the  pressures  encountered  are  generally 
above  critical.  From  Equation  27  the  time  duration  of  the  sound  pulse 
due  to  uncortcing  of  a  pressurized  cylinder  is 


T  =  k 


(39) 


where 

d  =  diameter  ot  the  cylinder; 
k  k  3,  an  empirical  constant. 


Combining  Equations  34,  37,  38,  an  39,  the  peak  sound  pressure  due 
to  an  uncorked  cylinder  becomes 
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and  it  seen  that  the  peak  sound  pressure  is  directly  proportional  to  the 
initial  absolute  gas  temperature  and  only  weakly  dependent  on  the 
initial  gas  pressure,  as  long  as  it  is  above  critical.  However,  since 
In  the  gun.high  pressure  is  generally  accompanied  by  high  temperature, 
the  peak  sound  pressure  is  not  completely  independent  of  the  initial 


cylinder  pressure.  If  i'l  is  Assumed  that  the  gas  being  discharged 
was  compressed  isentropically  to  its  initial  condition,  then 
Tj  *  Tc,  (Pi/Po)^-1^’.  and  Equation  40  can  express  the  peak 
sound  pressure  in  -term*  of  only  the  initial  cylinder  pressure.  The 
result  is  that  pfn  grs  .  This  seems  to  correlate  reason- 

ably  well  with  experimental  data  available  to  date. 

The  sound  pressure  field  of  the  uncorked  pressurized  cylinder 
is  directional,  pressure  being  higher  toward  the  front  and  lower  rear- 
ward.  Directly  to  the  side,  it  is  approximately  a  representative 
average.  This  directional  effect  can  be  approximately  represented  by 


where 

pmQ  =  peak  sound  pressor*-  given  aximuth  angle,  0; 

Mt  *  uj/a^discharge  Ma*  ; 

n  =  constant  equal  to  ap  >.  jmately  Zf 
pm  =  peak  sound  pressure  directly  to  the  side. 

And  the  peak  sound  pressure  level  at  given  azimuth  angle,  of  course, 
becomes 


APPENDIX  D 


GUN  SILENCERS 


Conflict r  a  typical  silenced  weapon,  consisting  of  a  gun  barrel 
of  volume  Vj  and  a  baffled  silencer  of  volume  V£  (see  sketch  below). 
During  its  cycle,  the  projectile  is  accelerated  by  the  high  pressure 
gases  in  the  barrel.  Following  this,  the  projectile  travels  through 
the  silencer  while  the  propellent  gas  expands  into  the  silencer  cavity 
behind  the  projectile.  Just  p-ior  to  exiting  from  the  gun  barrel,  the 
propellent  gases  are  typically  in  the  vicinity  of  2000*  F and  3000  psi. 


During  its  expansion  into  the  silencer  cavity,  the  propellent 
gas  mixes  with  the  air  contained  within  the  silencer.  The  air, 
originally  at  ambient  preesure  and  temperature,  is  compressed 
while  the  propellent  gas  pressure  and  temperature  naturally  de¬ 
crease.  In  a  typical  silenced  system,  with  the  silencer  volume 
of  the  order  of  20  times  that  of  its  gun  barrel,  the  conditions 
within  the  silencer  just  prior  to  projectile  exit  are  of  the  order 
of  60  psi  and  300*  F,  The  projectile,  being  subsonic  (presumably), 
travels  through  the  silencer  at  a  velocity  close  to  1000  fps.  JuU 
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how  quickly  the  gas  behind  the  projectile  expands  into  the  silencer 
cavity  can  be  gathered  from  the  following  graph  which  shows  the 
shock,  sonic,  and  flow  velocities  of  air  or  gas  similar  to  air,  as 
a  function  of  pressure. 


From  the  graph  it  is  found  not  unreasonable  to  assume  that,  in  a 
typical  silencer,  the  gas  pressure  is  very  nearly  uniform  along 
ita  length  at  the  time  the  projectile  exits  the  silencer.*  Considering 
the  propellent  gas  and  air  undergo  isentropic  expansion  and  compression 
respectively,  tbs  absolute  pressure  in  the  silencer  at  the  time  of 


M Other  assumptions  may  be  necessary  in  the  case  of  a  supersonic 
projectile. 


projectile  exit  will  be 


which  can  be  simplified  to 


P,  M  P 
2  e 
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(1) 
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where 


P 

1 


absolute  propellent  gas  pressure  in  gun  barrel  at  the 
time  of  projectile  exit  from  gun  barrel. 


PQ  =  ambient  air  pressure  (14,7  psi); 

-  silencer  volume; 

Vj  =  gun  barrel  volume; 

Y  =  ratio  of  specific  heats  for  air  and  propellent  gas  (actually 
for  air,  y  -  1.  4;  tor  propellent  gas,  y  m  1.  2), 


Similarly,  the  absolute  temperature  of  propellent  gas  in  the  silencer 
at  the  time  of  projectile  exit  is 


where 

T j  -  absolute  temperature  of  propellent  gas  at  the  time  of 
projectile  exit  from  the  gun  barrel. 


The  absolute  temperature  of  air  compressed  in  the  silencer  is 

(Pi/Por^'v 

Tjj  *  which  is  very  nearly  equal  to  Tg-  Thus,  the 

air  temperature  may  be  assumed  to  be  the  same  as  that  of  propellent 
gas  (i.  e.,  that  given  by  Equation  3). 

Projectile  exit  from  the  silencer  will  be  followed  by  an  efflux 
of  gares.  If,  at  the  time  of  this  exit,  the  silencer  pressure  is 

P2«p0p^jL)V(v-i)„i.,Po. 

Pt  =  Po  «> 

and 


where  =  absolute  discharge  pressure; 

Uj  s  discharge  velocity; 

a^  =  sonic  velocity  within  silencer  at  time  of  projectile  exit; 
a^  -  ambient  sonic  velocity. 

TQ  =  absolute  ambient  temperature. 

In  this  case  the  discharge  conditions  will  be  subsonic;  that  is,  gas 
flow  velocity  will  be  lower  than  sonic  at  the  point  of  discharge  (m 
X  at>.  If,  on  the  other  hand,  the  silencer  pressure  at  the  time  of 
projectile  exit  is  p2  *  PQ  (-~J-  )v/(  Y_1)*,  1. 9P0 


then 


and 


(6) 
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Now  the  diteli-.rge  conditions  will  be  supersonic,  with  the  flow  velocity 
at  discharge  being  equal  to  the  local  sonic  velocity  (ut  =  at>.  Thin, 
in  fact,  is  the  typical  condition  to  be  expected  in  most  conventional 
silencers.  As  the  projectile  exits  from  the  silencer,  the  abrupt  un¬ 
corking  of  internal  pressure  will  generate  a  sawtooth  sound  pulse. 

The  time  duration  of  this  pulse  is  given  by  Equation  39  of  Appendix 


where 


k  »«  3,  an  empirical  constant; 
d  =  silencer  exit  diameter. 

The  peak  sound  pressure  of  the  sound  pulse  is  described  by  Equation 
23  of  Appendix  Cf 
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where 

pQ  =  ambient  air  density; 

r  =  distance  from  the  weapon; 

At  =  nd^/4,  silencer  discharge  area. 

Combination  of  Equations  6,  7,  8,  and  9  yields  the  peak  sound 
pressure  cf  an  abruptly  uncorked  silencer,  to  the  side  of  the  wea¬ 
pon,  as 
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where 

P£  and  T^>  are  the  absolute  silencer  pressure  and  temperature, 
respectively,  established  by  Equations  2  and  3 
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If  the  silencer  temperature  is  related  to  the  silencer  pressure  by 
T>  =  Tq  {P% /P0)^ ~  ^ which  is  not  an  unreasonable  estimate,  then 

Pm  JO  +  The  peak  sound  pressure  level  o£  the  unco iked 

silencer  {from  Equation  10)  can  be  described  as 
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It  is  interesting  to  note  the  effect  of  heat  absorption  in  the  silencer 
on  the  peak  sound  pressure.  If,  similarly  to  the  above,  the  silencer’s 
pressure  is  related  to  its  temperature  by  Fj  «  then 

the  peak  sound  pressure  can  be  expressed  as  a  function  of  only  the  si¬ 
lence-.’  temperature,  which  gives  pm  co  T2  'Y  +  * '' ‘1* v  “  -  With  maximum 

heat  absorption  in  the  silencer,  temperature  T2  will  have  been  reduced 
to  ambient  temperature  Te.  From  Equation  10,  the  attenuation  of  peak 
sound  pressure  level  thus  to  be  attained  it  a  typical  silencer  is  in  the 
vicinity  of  6  db. 


A  certain  amount  of  blow-by  in  a  silenced  system  in  unavoidable. 
Since,  for  the  sake  of  system  accuracy,  a  clearance  must  exist  between 
the  silencer  and  projectile,  some  propellent  gas  usually  bypasses  the 
projectile  in  the  silencer.  The  effect  of  this  blow-fcy  on  gas  discharge 
from  the  silencer  immediately  after  projectile  exit  can  be  surmised 
from  the  following. 


The  gas  discharge  following  projectile  exit  from  the  silencer  is 
primarily  dependent  on  the  quantity  of  gas  contained  in  the  system  at 
that  time,  which,  in  turn,  is  determined  by  the  percentage  of  gas  lout 
through  blow-by.  The  percentage  of  gas  lost  can  be  represented  by 


~  t 

Amj  j0  (Atptut)  dt 
m  '  p2 (vj  +  v2) 


1 1 2> 


where  Am  =  gas  mass  lost  through  blow-by  during  time  projectile 
traverses  silencer; 

m  =  initial  total  mess  of  gas  in  system; 
t  =  time  ; 

P2  ~  gas  density  in  system  at  time  projectile  exits  silencer. 


The  duration  o(  blow-by  is  limited  to  the  time  it  takes  the  projectile 
to  traverse  the  silencer.  If,  during  this  time,  a  constant  and  unre¬ 
stricted  (maximum)  gas  flow  rate  is  assumed,  then 
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fl 

(A(Pjut)dt  *  AtPtutt 

where 

At  =  silencer  discharge  area; 

Pt  =  discharge  gas  density; 
vij  -  discharge  gas  velocity; 

t  -  time  it  takes  projectile  to  traverse  silencer. 
With  maximum  discharge  conditions. 


The  silencer  discharge  area  is  approximately 


(13) 


(14) 


(15) 


where 

Vj  =  volume  of  gun  barrel; 
=  length  of  gun  barrel; 


The  time  it  takes  the  projectile  to  traverse  the  silencers  io 

_L 

*oM 

where 

=  silencer  length; 

M  *  projectile  Mach  No, 


With  these  definitions.  Equation  12  reduces  to 
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Substitution  of  typical  quantities  into  Equation  18  ^eveaitt  that, 
within  the  time  restraint,  the  maximum  percentage  of  gas  a  typical 
silencer  can  lose  through  blow-bv  i*»  in  the  order  of  f,  percent. 

Front  this  it  may  be  concluded  that  the  blow -by  has  a  very  amnli 
effect  oti  the  gas  discharge  occvit  r.ng  at  the  time  the  projectile  exits 
from  the  silencer. 

Examination  of  Equation  9  reveals  the!  the  peak  sound  pressure 
is  inversely  proportional  to  the  time  duration  of  a  given  aound  pulse. 

In  a  system  wncre  gas  discharge  is  initiated  slowly,  the  sound  pulse 
time  duration  it  governed  by  the  tirr.e  it  takes  the  system  to  reach  a 
given  discharge  rale  rathc-r  than  by  the  system's  maximum  discharge 
rate  (Equation  3).  Thus,  it  becomes  evident  that  the  longer  the 
system  takes  to  reach  its  maximum  gas  discharge  rate,  the  quieter 
it  WtU  be.  Practically,  it  means  that  it  i:>  desirable  to  start  the  gas 
discharge  from  the  silencer  slowly  and  early  in  the  process,  gradually 
increasing  the  discharge  tu  when  the  projectile  exits  from  the  silencer. 
If  it  is  assumed  that  the  gas  discharge  from  the  silencer  can  be  initiated 
at  the  time  projectile  .-xits  the  gun  barrel,  the  time  restraint  i3  im¬ 
posed  by  the  silencer  length  and  projectile  velocity.  The  time  in 
which  the  dischaagc  can  increase  from  aero  to  maximum  will  be 

T  *,  _Ji L_  (19) 

a0M 

With  this  time  (leeiod  hind  Equations  6  and  7),  Equation  9  gives  the 
peak  scejud  pressure  as 


V  t  1 


This  relationship  gives  the  minimum  pea!,  sound  pressure  of  a  system 
whose  gas  dircharce  vas  initiat'd  gradually,  rather  than  abruptly'. 
Comparison  of  this  equation  with  Equation  10  and  substitution  of  typ¬ 
ical  system  quantities  reveals  that  attenuations  of  as  much  as  15  db 
arc  obtainable  with  the  controlled  discharge  technique. 

Attenuation  of  i  precursor  wa.v  i:s  the  silencer  is  somewhat 
different  from  that  of  a  blast  wave.  Whereas  the  latter  involves  high 
pressures  which  present  a  formidable  gas  mass  transfer  problem, 
the  former  can  be  <  xooetecl  to  expand  through  the  silencer  at  almost 
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Ambient  aortic  velocity.  This  allows  the  assumption  that  the  re¬ 
flection*  of  the  precursor  within  a  properly  designed  silencer  will 
have  practically  no  effect  on  the  forward  wave  front.  In  a  properly 
designed  silencer,  the  baffles  or  other  silencer  components  would 
be  such  as  would  not  impede  the  natural  spherical  expansion  of  the 
wave  front  within  the  silencer.  Example  of  this  can  be  seei.  with 
the  rearward- slanted,  conical  baffles. 

Consider  now  two  gun  barrels  identical  in  all  respects  except 
that  one  is  equipped  with  a  silencer  (see  sketch  below). 


In  the  first  case  the  precursor  wave  generated  in  the  gun  barrel  will 
be  unattenuated.  At  some  distance  r,  in  the  far  field,  itti  sound 
pressure  will  be 
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(21) 


where 

=  silencer  length; 

P2  =  precursor  sound  pressure  (gauge) at  distance  t  from  gun  muzzle. 


In  the  second  case,  the  precursor  wave  will  first  expand  unimpeded 
{spherically)  in  the  silencer  prior  to  expansion  into  the  atmosphere. 

At  the  front  end  of  the  silencer,  the  precursor  wave  front  will  generate 
an  absolute  pressure,  which  can  be  estimated  by 

1*2  **  Po  +  ZP2  (22> 

1  This  pressure  will  induce  a  flow  of  air  through  the  silencer  muzzle. 

!  The  velocity  of  this  flow  will  be  given  by 


Expansion  of  this  equation  and  elimination  of  lower  order  terms  re 
duces  the  flow  velocity  to 


u  «  y/8(y-  1)'  p?  (24) 

t  YPo  2 

Corr  pending  to  this  flow  velocity,  the  diochare:  pressure 
(gunge)  at  the  silencer  exit  will  be 

Y*VJt  , _ 

Pt  -  ATy  •  1)  P2  (25) 

Spherical  expansion  of  this  overpressure  to  the  far  field  represents 
the  attenuated  precursor  sound  pressure,  which  can  be  written  as 

P3"  -  f-*  (26) 

4r  4r 


where 

d  =  diameter  of  silencer  muzzle  opening. 

Combining  Equations  21  and  26  gives  the  attenuated  precursor 
sound  pressure  in  terms  of  the  unattenuated  quantity 
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The  attenuation  o £  the  precurtor^iu  decibels,is 

Vt? r  t  <28> 

Substitution  of  typical  quantities  in  Equation  28  indicates  that  a 
properly  designed  silencer,  approximately  6  in.  long  and  .  35  caliber, 
can  be  expected  to  attenuate  the  precursor  by  some  30  db. 

An  interesting  problem  presents  itself  in  considering  attenuation 
of  the  silencer  type  shown  in  the  tirst  diagram  of  the  following  sketch. 


■PJM'flinlmi 


Here,  the  silencing  volume  is  separated  into  two  chambers,  one  in 
front  of  and  one  surrounding  the  gun  barrel.  A  bleed  hole  {or  series 
of  bleed  holes)  leading  to  the  surrounding  chamber  is  provided  in 
the  gun  barrel.  As  the  projectile  passes  the  bleed  hole,  the  propel¬ 
lent  gases  in  the  gun  barrel  expand  into  the  surrounding  chamber. 
When  the  projectile  exits  into  the  front  silencer  section,  the  pressure 
in  the  gun  barrel  decreases  and  the  gas  flow  in  the  bleed  hole  re¬ 
verses.  y{  the  bleed  hole  is  sufficiently  small, then,  because  of  the 
greater  initial  pressure  differential,  gas  flow  will  be  faster  into  th«- 
surrounding  chamber  than  out  of  it.  This  technique  is  capable  of 
substantially  reducing  the  pressure  in  the  front  silencer  at  the  time 
c£  projectile  exit.  An  optimum  exploitation  of  this  techniq  ic  would 
be  to  introduce  a  one-way  valve  in  the  bleed  hole  leading  to  th» 
surrounding  silencer  cavity.  Consider  the  silencer  with  a  relatively 
large  bleed  hole,  so  that  gas  flow  into  and  out  of  the  surrounding 
chamber  is  relatively  rapid.  The  gas  expansion  processes  will  be 
very  nearly  isentropic  so  that  the  silencer  pressure  at  the  time  of 
projectile  exit  fror.i  the  silencer  (from  Equation  Z)  will  be 


P3‘  ~  Po 
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(29) 
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where 


P  -  ambient  air  pressure; 

Pj  =  pressure  in  gun  barrel  just  before  bleed-off; 

=  volume  of  gun  barrel  before  bleed-off; 
v  -  volume  of  silencer  chamber  surrounding  gun  barrel; 
Vj  =  volume  of  front  silencer  chamber. 


In  a  silencer  with  a  bleed  hole  valve,  the  expansion  process  up  to 
the  projectile  exit  from  the  gun  barrel  will  be  similar  to  that  above. 
Beyond  this  point,  however,  the  gases  remaining  in  the  gun  barrel 
will  expand  into  theforward  silencer  section  while  the  gases  in  the 
surrounding  chamber  will  be  trapped  pending  possible  slow  release. 
Isentropic  expansion  up  to  the  gun  barrel  muxale  gives  the  gas 
pressure  as 


Solving  for  minimum  P3",  it  is  found  that  the  greatest  reduction  in 
pressure  occurs  when 


(33) 


Substitution  of  typical  quantities  found  in  silencers  into  Equation  33 
indicates  that  in  order  to  obtain  maximum  attenuation,  the  surrounding 
silencer  chamber  should  be  approximately  0.  7  times  that  of  the  for¬ 
ward  chamber.  The  difference  in  attenuation  of  the  silencer  with  a 
bleed  hole  valve  and  the  simple  volumetric  silencer  can  be  estimate  d* 
from 


f  P3'  (Y  +  U/4Y 

AL  <i0  log  j  -yyi  ! 


(34) 


where  Pj  it  P3"  are  as  defined  by  Equations  29  and  32.  In  a  silenced 
system  with  gun  barrel  pressure  of  2500  psi  and  silencer-to-gun 
barrel  volume  ratio  of  20,  the  bleed  hole  valve  technique  yields  approx¬ 
imately  an  additional  4  db  attenuation  in  peak  SPL..  The  technique  can 
be  expected  to  be  more  effective  with  small  volume  silencers  and  less 
effective  with  larger  ones. 


See  Equations  10  and  11, 
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APPENDIX  E 


SILENCER  TECHNIQUES  «t  REPRESENTATIVE  PATENTS 


The  following  silencer  photographs  and  patents  are  presented  ac 
reflecting  the  various  silencing  techniques  and  concepts. 

The  photographs  (pgs  159  through  163)  of  sectioned  WW  II  German 
experimental  silencers  show  some  outstanding  silencing  techniques, 
such  as  flexible  baffles,  vortex-inducing  channels  and  rearward  slanted 
steel  baffles.  Also  shown  are  quick  attaching  silencer  clamps. 

U.S.  Patent  No.  658,934,  issued  2  October  1900  to  Reade  Macon 

Washington  and  Alfred  Willis  Capy,  "Attachment  for  Barrels  of 
Firearms.  " 

Austrian  Patent  No.  5478,  issued  1  June  1901  to  Josef  Hutfiess,  "Device 
for  Silencing  a  Firearm."  (Translation) 

U.S.  Patent  No.  958,935,  issued  24  May  1910  to  Hiram  Percy  Maxim, 
"Silent  Firearm.  " 

U.S.  Patent  No.  1,000,702,  issued  15  August  1911  to  Eugene  Thurler, 
"Device  for  the  Suppression  of  the  Report  of  Firearms.  " 

German  Patent  No.  629,404,  issued  13  March  1933  to  .Ians  Eirsieldt, 
"Silencers  for  Hand  Weapons.  "  (Translation) 

U.S.  PatentNo.  2,448,  382,  issued  31  August  1948  to  Warren  P.  Mason, 
"Silencer.  " 

U.S.  Patent  No.  3,138,991,  issued  30  June  1964  to  Richard  L.  Malter, 
"Firearm  Muzzle  Attachment  and  Projectile  with  Expansible,  De¬ 
tachable  Husk.  " 
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United  States  Patent  Office. 


JitoADI?  MACON  WASHINGTON  AND  ALFRED  WII.LlS  CAPV,  OF  DALLAS, 
TEXAS,  ASSIGNORS  OF  ONE-FOURTH  TO  SAID  WASHINGTON. 

ATTACHMENT  FOR  BARRELS  OF  FIREARMS. 

KPICmCAfXOH  i«nu(  pert  at  HMtan  ?WM  l«  SM,IW4,dtM  OcMar  8, 1800. 
IfyUeUim  fU  itmn  K MO.  I«U  it.  7O1.M0.  I  it  at MJ 


fit  n/7  whom  it  muy  etjnr*rn: 

IV  it  kouwn  tlixl  *f,  Hkade  Macow  Wasm- 
tgCTUSatxl  Al-KHEO  WtLUSUAPV.of  Dallas, 
ia  the  county  of  [)»IUn  unii  State  of  Texac, 
5  have  lav.  tiled  a  ci>»  ami  iiw-fol  Attachment 
to  the  lUrrel*  of  Kirearnm,  of  which  the  fol¬ 
lowing  i*  a  full,  clear,  sod  exact  description. 

Oue  object  of  my  invention  into  provide  a 
situ  pie,  light,  yet  d-irabl.  device  adapted  fur 
.«  ail.tchrueut  to  (lie  in  nuts's  of  rifles,  muskets, 
and  other  arm.  adapted  to  fir*  bullets,  and  to 
eo  construct  the  altticiunent  that  it  will  ma¬ 
terially  modify  or  eottr.-h  prevent  the  noiae 
made  when  a  weapon  is  discharged,  and  will 
5  also  act  iuau(ipiwi(h«eoiokealmo.teotirely 
when  Mack  powder  (a  u»«d. 

A  further  ohjec-c  of  thfr  invention  ia  to  at¬ 
tain  the  roda  above  act  forth  without  impair- 
Juft  the  power  or  accuracy  of  the  weapon, 
o  The  invention  c  insist,  iu  the  novel  coe- 
elruclioa  and  cotobloation  of  the  aeveral 
parrs,  as  will  be  hereinafter  fully  act  forth, 
and  |»>inted  out  in  the  clainia. 

Reference  i-.ro  be  hau  totheaccompaavlng 
$  drawing*,  forming*  part  of  Ibilsiwcificaiioo, 
in  wbiehriioilarcharacterauf  reference  i«li- 
cate  c-ir.-r-qximling  parte  in  all  the  Drums. 

Figure  1  ia  a  aide  elevation  of  a  rifle  and 
the  attachment  applied  thereto.  Fig.  ?  ia  a 
.®  longitudinal  oecliun  through  lb,' attachment, 
slrewn  on  a  lar per  scale  than  in  Fig.  I,  and 
aleo  a  longitudinal  aovtioo  through  that  por¬ 
tion  of  I  be  barrel  to  which  the  attachment  M 
•pjdinl,  and  Fig.  3  is  a  transverse  vertical 
$  ac  tion  taken  practically  on  the  tin*  3  S  of 
Fig.  2. 

A  r  eprewenla  aca»ing,wl.  ch  i<  usually  made 
oval  in  rroaa- section.  aa  shown  lit  Fig.  3. 
Thia  caving  ii  provide,  a  itb  a  collar  10 at  the 
®  rear  end  of  i<a  Ixnly  portion,  and  the  said  col¬ 
lar  ia  adapted  to  be  screwed  iij.un  or  other¬ 
wise  attached  to  the  forward  or  muule  end 
of  the  barrel  A'  of  a  gun,  aa  ehown  particu¬ 
larly  ia  Fig,  2.  At  :be  rear  lower  jgiruoaof 
$  the  body  casing  A  a  tubular  nliuooo  II  ia 
formcj,  which  is  us.islly  circular  in  eroaa- 
aectbio,  but  may  hate  uihec  rit>«»  sectional 
contour.  The  e..iro«irm  II  (torn  tho  casing 
la  adapted  local,  nd  rearwaidty  Is-neath  the 
»  barm'  a  necessary  d.elam-e  when  tb.  ca«ieg 
is  attached  to  the  barrel  and -is  fastened  to 


the  barr*I  byaatrapor  it*  equivalent  In 
order  that  the  extension  11  of  lb*  body  and 
in  fact  the  chamber  in  the  body  proper  may 
be  reedd/  cleaned  when  deairrd,  the  rear  end  5$ 
portion  of  the  extension  11  is  closed  by  a  plug 
12,  screwed  therein  or  otberwiaa  detachably 
secured  in  place.  The  upper  surface  of  the 
caving  A  ia  flush  with  the  cores  ponding  frur- 
faee  cif  the  barrel  in  order  that  the  sight  of  So 
Laid  barrel  shall  not  be  interfered  with.  The 
•  pace  within  the  casing  A  and  the  extension 
II  may  bo  termed  an  “expansion -chamber;" 
but  certain  portions  of  ibi*  expaneioo-ebam- 
ber  are  shut  off,  as  will  be  hereinafter  staled,  tj 

The  body  -casing  A  ia  adapted  to  receive  a 
eap  ti,  the  nap  being  at  iba  forw,-  -J  or  deliv¬ 
ery  end  of  the  easing,  and  this  eap  adapted 
to  slide  within  the  body-easing  and  ia  bald  In 
engagement  therewith  in  any  approved  mao-  70 
oer — aa,  for  example,  ibrongh  tbe  medium  of 
Spring  chpo or  tongues  13--**rhown  In  Flga. 
i  and  J.  The  inner  face  If  of  the  cap  B  la 
Inclined,  the  ipoliosrlc.-i  being  from  the  up¬ 
per  edge  downwardly  and  forwardly,  aud  the  yj 
inrer-faeeof  tho  cap  ia  open  front  a  poir.ator 
near  its  bottom  to  a  point  c  earth*  top.  Tbe 
upper  portion  of  the  inner  inclined  face  of 
the  cap  It  I*  provided  with  a  deflecticg-plato 
1J.  and  the  said  deflecliog-plalehaaan  open-  80 
ing  ]ii,  the  center  of  said  opening  being  in 
longitudinal  afioeiueot  with  the  oils  of  the 
bore  A'  of  ihs  barrel. 

Immediately  forward  of  Us*  opening  18  In 
the  deflecling-plato  and  at  the  forwaid  np-  *j 
per  end  at  this  cap  a  chamber  16*  la  formed 
pruvi  Jed  with  an  inlet  17,  the  center  of  which 
inlet  Is  in  a  plane  with  the  neuter  of  the  axis 
of  ths  opening  16  sn  the  deflect  lug-plate  and 
tbeaxi*  «f  tbe  bore  A'  of  the  barrel.  Thie  $■» 
alinemeat  of  the  opening*  17  ami  1C  with  the 
Imre  of  tbe  barrel  le  in  order  that  tbe  bullet 
d.achargod  from  thslusrrel  may  pave  <h rough 
the  said  opening.  18  and  17  and  00'.  through 
the  rhsralar  16'  withoat  Interfering  in  the  $  j 
eligh'.rst  decree  with  any  of  the  mechanism 
designed  to  i-onQoa  the  gases. 

The  inner  face  or  wall  of  lha  chamber  16* 
is  inclined,  and  a  flange  18  (s  formed  open 
this  wall  around  lb*  inlet  opening  17.  The  roe 
flvnge  1  h  it  adapted  aa  a  seat  for  a  valrs  19, 
which  valr#  c loess  the  inlet  17  of  the  chaai- 
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brr  HI*  frnutediately  after  I  lie  discharge  of  fit*  greater  portion  nf  dm  deposit  will  be  found 
bullet ;  hut  normally  (he  vislvo  is  wi.ide  to  beiir  ujeur  llm  tali h  in  nearly  a  direct  linn  with 
agaiust  tho  inner  fera  nf  dm  lower  |Mirti>m  the  alia  of  die  Imru  of  the  gun.  j- 

of  the  ihdlecling-ptai"  1 5,  assuming  e  pom-  Ifav.ng  thus  tleneribed  our  invention,  an 
S  don  parallel  with  the  iine  of  dm  inner  fere  claim  a*  new  mol  desire  to  necnre  by  loiters 
cf  the  cap  B,  a*  nhown  in  posititn  linen  in  I’ateut — 

Fig.  i.  The  open  in  ir  I U  !o  dm  deflecting-  I.  A  casing  arranged  for  oderhment  !o  tbs 
plate  fa  mad*  in  iie  lower  edge,  and  in  order  barrel  of  a  nmi.  amt  h.iviisg  na  outlet  for  a  ;; 
that  the  discharge  of  the  bullet  shall  nut  lar  bullet,  an  'nc lined  drflecting  •  plaje  in  enid 
10  Impeded  a  eorreapoud'  g  opening  2tl  ia  made  I  rating  and  a  valve  normally  held  in  an  open 
la  the.  ii|t|ier  end  of  the  valve,  and  when  the  inwidon  and  o|>ernie<t  by  the  gnaw*  10  close 
reive  lit  has  bearin'):  against  die  deflecting-  dm  otnlet  for  dm  liollai  after  raid  bullet  liaa 
plate  IS  t!m  opening  in  the  valve  rind  the  eeeajard  fru>u  the  caaiug.  sulwtatilially  ns  de-  >0 
0|«ermig  i  ;  the  edge  o!  Ihe  deflecting-plaln  'erllied. 

*J  register,  fori,  ing  nu  o-[>eniugof  sufficient  aiiu  S.  A  casing  provided  with  agaa-eonder.sing 
to  permit  die  uninterrupted  pas-age  of  llm  j  chamber  a:el  ai  rouged  for  connection  with 
ballet.  tile  barrel  of  a  gun.  the  tsvnl  chamber  having 

Ao  «rm  21  is  »eetired  10  the  front  fare  nf  I  an  nutlet  (»r  a  Imllr!.  ik«  i>i*miu  lu?in«  85 
the  lownr  portion  of  the  valve  IP,  the  arm  be-  a  tubular  «uevii»u  fuming  part  of  ibe  pan¬ 
to  lop  M  right  ant'.fri  to  the  outer  (are  of  said  coutlvuaing  chamber  and  etlendioft  i»nr- 
valve,  and  the  valve  ia  ptvoied  ie  kite  cap  U  wardly  butteatk  the  laurel  of  the  pun,  a  do- 
by  a  pin  tJ,  ih*>  u  pasted  through  dm  cap  soie  lor  llm  rear  vud  u f  said  tubular  eiteu- 
aud  through  the  said  aria,  a*  shown  in  Figa.  aiou,  a  vulva  oimralml  by  I  ha  gaaew  to  clue  90 
S  ah  '.  X  Tt.e  valve  lb  ia  held  in  it' Often  pie  die  outlet  for  the  bull*  l  after  Mid  hu.'lat  hca 
tj  aition — that  ia,  in  engagement  with  the  de-  escaped  and  a  support  ><aiut  which  said 
fleeting- plate — by  Mieany  of  a  spring  S3,  valve  normally  rcsta,  the  said  mtppor;  being 
usually  attached  to  :he  bottuia  outer  wall  of  located  Imtwrc'i  tbaerdof  the  gun barrel  and 
the  chant!*:'  la*,  the  spring  hating  bearing  the  outlet  for  ihabullet,  sulz'laatiall.r  aa  de-  95 
against  lbs  ui>p»r  surface  of  the  aria  1 1,  an  writ  -d 
)e  ihuwa  in  Fir  In  order  that  the  spring  23  3.  casing  adapted  foe  attachment  t«  the 

Piny  W  rr|unol  or  rrpiaitil  a  hen  nrcrsaary,  bar  re,  if  n  gun,  a  chamber  at  the  forward  aud 
an  opening  ia  made  in  Coe  fimnl  of  lie  cap  of  tan  can n;;  and  havin'  au  inlet  in  iia  in- 
belorr  the  cliaint>er  Iti*,  xiut  thia  o|>euinjt  ia  ner  or  tar  wall  in  Sua  with  the  bore  of  tens  100 
normally  cloned  by  n  block  Si.  nun.  a  late  Io  said  Casing  between  the  rear 

J5  !u  the  nperaiioit  of  Ihe  aMachittenl  when  a  end  of  aid  ehamlwr  and  the  nod  of  the  c  n- 
f tiu  is  tired  llm  liwllef  is  discharged  as  usual,  barrel  sod  a  pivoted  valve  normally  testing 
pod  iu  iwulitr  nut  from  llm  barrel  duw>  not  j  on  the  said  plate,  the  plain  and  valve  beicg 
touch  or  iiiterfe.e  with  l  e  mechanism  of  the  |  const  reeled  to  periutt  of  the  pasaaga  of  a  b'tl-  toj 
Attachment.  aa  lias  heretofore  been  sta'eil.  I  let.  the  said  valve  being  adapted  to  cSoe*  me 
40  The  expanding -gasev  strike  the  deflecting-  |  opening  in  the  mar  end  of  said  chamber  Ins- 
pUte  Io  and  the  Valve  19  at  the  -sine  iu  slant.  i  mediately  aflar  the  t»cnpe  of  the  bullet,  be- 
Tha  deflecting- plate  being  rigid  and  inclined  leg  carried  to  said  cl-siog  positioo  hj  *be  a.-- 
toward  the  valve  turtle  the  flow  nf  gas  down-  j  lion  of  Use  ga-es,  siib»laut:ally  a*  described,  no 
ward  its  direction  of  the  valve,  and  Ihevalvo  ,  4  A  device  adapted  to  coutrol  ibenovveof 

4)  being  free  j  move  outward  ia  thrown  agaitiel  |  the  eaplunion  of  a  charge  aud  prevent  the  aa- 
I  la  aeat  18,  aa  sfanan  iu  dotted  litraa  in  Kif.  2.  I  cape  of  amoke  from  the  tauaJtleof  a  gun,  said 
and  la  held  them  uatu  tha  intid*  pressure  of  |  device  oonsisliug  of  a  twite  arranged  for  al- 
tht  (fan  in  the  evpaiiaion  chamber  and  barrel  1  tru  hiimql  to  the  uiutxlr  ol  a  gun,  the  rasing  115 
ef  the  gun  beonmen  eqnal  to  the  xlisuie  pres-  j  bting  pjviidtsl  with  a  downwardly  and  ("ir- 
$e  sura  0/  the  atmospheric  air  plu«  the  tension  wardly  extending  deilccting  plr  •  having  an 
of  the  airing  f.1,  eberau|sin  the  valve  again  opening  rc*  tiue  with  the  ttir  of  the  barrel, 
Ofsitta  end  the  gun  is  ready  for  another  ab'it.  i  tlmcasing  lieinjjprovideil  «iib  e  p.ssxage-w»y 
Tha  gas,  instead  of  rushing  into  the  air  as  .  for  a  b.iiiel  forward  ol  Ihe  drOectiog-ptate,  iro 
oeual,  ia  turned  by  the  valve  leek  latu  Ihe  •  itiid  a  valte  normally  resting  with  U»  opja-r 
55  etpauaion-chauiber,  which  tlio  pa*  itself  had  end  00  w«id  dellccliug-pUie  and  adapted  to 
closed.  The  action  is  very  i|ums.  the  v*ri-  ;  be  tuoted  to  clui.i<  s.»id  pasMge-way  by  the 
OUS  steps  dencrilKwl  followuu;  oar b  oilier  iu  ;  accuu- Jlation  of  gums  within  the  said  casing, 
practically  a  mw.octil  cf  liute.  ,  aadmcntasl.  t*J 

Theexpwosiofn-hatolsr.wh'ch includiatiie  |  3.  The  ctuubiiuMioti,  with  the  barrel  i»f  n 

4e  gubie  contents  of  thw  larre  of  the  gun,  act a  1  gnu,  a  casing  attavhrsi  to  ihe  uiuiclo  ol  asid 
autMtontrally  aa  a  condenser,  and  at  Ihe  tunc  •  turret,  amt  a  cjp  iremovably  x'  ured  m  the 
of  firing  no  stook*  is  visible.  I'puo  IBrowing  J  forward  coil  nf  the  casiog.  t b  -  i-ap  (.eiiig  pro- 
opeu  thw  brvech  of  tha  gun  as  soon  a*  posai-  vided  with  au  iuclineii  defirvling-pi'  to  Lav-  «yo 
bla  after  tiring  a  bullet  thu  e*|iao»ion-chaiii-  ing  «u  oiwni'ig  ilmreiu  iu  line  with  tha  avia 
4j  tier  will  lie  found  practically  Piled  witb  a  !  llm  tvvrrel,  oi  it  chandler  forward  of  the 
light  amoke;  but  tha  deposit  U|-o«  tba  lands  i  deilecliog- plalv,  pro-tided  with  -.0  ojn-oing 
•nd  grooves  ia  uot  more  tham  uscal,  aa  tbo  I  also  10  hue  w.tli  the  uu  of  tbe  bore  of  tbo 
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(tan,  and  a  valve  having  bearing  normally 
against  the  defleeting-pUte,  the  raid  valve 
being  forced  to  a  ml  at  the  inlet  of  the  aaid 
chain  Iter,  by  the  action  of  the  gas  arcuuiu- 
5  lated  in  the  barrel  nod  beck  of  the  said  Taira 
•ml  defleoliog-plate,  after*  bullet  haa  bean 
discharged,  ae  deeeri-  xl. 

6.  The  coa'binatkio  with  the  barrel  of  • 
gun,  of  a  caerog  attached  to  the  muui*  of  Mid 

I*  barrel,  a  cap  secured  in  the  forward  end  of 
the  caeior  and  provided  with  an  iorticnd  de¬ 
flecting- plate  having  aa  opening  therein  in 
Hoe  with  the  axis  of  the  barret,  %  chamber 
fore- aid  nf  the  defloe liar-plate  aod  provided 
i]  with  aa  inlet-opening  also  iu  line  with  the 
bore  of- the  jfcuo-bArrel  and  formed  w‘th  a 
valve-aesl  and  a  apriug-praaaed  .aive  nor¬ 
mally  reeling  against  thedefiecting-plaui  end 
adapted  to  be  forced  agairet  said  valve-eeat, 
«e  substantially  aa  deaenbed. 

7.  The  oorebinst  on  with  the  barrel  of  a 
gun,  and  a  casing  at < ached  to  the  rousxls  of 
tbrf  barrel  and  having  a  lur.olsr  extension  at 
the  rear  lower  portion  provided  with  a  renrov- 

sj  aide  closure  at  its  rear  end,  of  a  cap  remov¬ 
ably  wrenred  in  the  forward  eod  of  the  casing, 
the  inner  face  of  said  cap  being  inclined  from 
the  upper  edge -downwardly  and  forwardly 
and  the  aaid  inner  face  being  open  from  a 
jo  point  at  or  near  ite  bottom  to  •  point  near  the 
lop, an  iiic-lioed  deflerting-plate  at  the  upper 
portion  of  the  inetined  inner  face  of  the  cap, 
the  raid  (date  having  aa  opening  in  its  lower 
ydgoln  longitudinal  alinnmeot  with  the  axis 
jj  of  tfco  bore  of  the  barrel,  a  chamber  formed 
at  lha  forward  upper  eod  of  aaid  cap  and  for¬ 
ward  of  the  plate,  the  aaid  chamber  being  pro¬ 
vided  with  aa  inlet  to  ite  inner  wall  in  line 
with  the  opening  in  the  plate  aid  the  b.roof 
40  the  barrel,  the  inner  wall  of  raid  chatnbnr  be¬ 
ing  inclined  and  having  a  flange  formed  » hero- 
on  rround  theiole: -opening  and  cooaluuting 
n  val  ve-reat ,  and  a  pi  voted  end  apring-prooted 
valve  normally  renting  at  its  upper  end 
4}  against  the  lower  portion  or  the  deflecting- 
plate  and  having  su  opening  at  its  upper  edge 
forming  with  the  opening  in  the  lower  edge 
xii  the  deflecting- plate,  r  paacage  for  lha  bal¬ 
let,  the  said  valve  being  forced  to  its  seat  at 
jo  the  inlet-opening  of  said  chamber  by  the  ac- 
ti«3  of  the  gases  (.Iter  a  bullet  haa  been  dte- 
rh-trged,  the  front  Of  aaid  cap  heiow  tbechem-  j 
bar  having  no  opening  provided  with  a  re¬ 
movable  closure,  for  the  purpose  tot  forth.  I 
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8.  A  easing  arranged  for  attachment  to  tb e  $j 
barrel  of  a  gun  and  provided  with  a  gar  -con  - 
denying  chamber,  and  a  dtp  removably  se¬ 
cured  ie  tbe  forward  and  of  Mid  caaiug  and 
provided  with  a  chamber  having  an  opening 
in  Hue  with  the  axis  of  the  core  of  the  gun  60 
and  forming  *  passage  for  a  bnliet..  a  valve 
pivoted  in  raid  cap  and  operated  by  tbe  gazes 
to  clone  the  nutlet  for  the  bullet  immediately 
after  tbe  escape  of  the  bullet,  tbe  «atd  cap 
being  provided  with  an  opening  in  its  front  6j 
ix  low  the  aaid  chamber,  am!  aclosure  for  said 
oj  inlug,  nuhkiantinil>  asdtwcribed. 

3  A  device  adapted  to  control  the  noise  of 
the  rxploeion  of  a  charge  aud  prevent  the  es¬ 
cape  of  smoko  froci  the  muxxleot  a  gun,  the  70 
aaid  device  eompriaiog  a  eaeiog  arranged  for 
attachment  to  the  muzzle  of  aguu  the  casing 
being  provided  with  a  passage-way  for  a  bal¬ 
let,  a  valve  for  closing  aaid  paaeago-way,  a 
spring  for  normally  holding  raid  valve  open,  |$ 
and  a  deflect  ing-pUle  for  tnrning  tbe  flow  of 
gas  toward  the  valve,  the  valve  being  carried 
to  closing  poeitinn  by  the  gases. 

10.  A  easing  fur  attachment  to  lb*  mauls 
of  a  giro,  a  cep  removably  secured  in  the  for-  So 
ward  end  of  Mid  owing  and  having  a  valve- 
arat  with  an  opening  fur  the  peonage  of  the 
bullet  and  a  valve  carried  by  aaid  rerooiablo 
e*p  and  free  to  awing,  the  aaid  valve  being 
normally  held  in  au  opan  pomlioa,  and  adapt-  S  j 
ed  to  be  moved  by  the  action  of  the  ganea  to 
a  cloned  position,  substantially  aa  desert  bed. 

tl.  A  casing  arranged  foraltaehmentro  the 
muzzle  of  agiin.aremovabloeap  Sited  in  the 
forward  end  of  Ibecaoiogaod  havingavalve-  90 
seat  with  au  opening  for  the  peonage  of  the 
bullet,  the  axis  of  aaid  opening  coinciding 
with  tbe  azie  of  the  boro  tbe  gun,  a  valve 
carried  by  said  cep  and  free  toswing  to  does 
aaid  opening,  a  spring  for  nnnaall'v  bolding  9$ 
said  valve  in  tbe  open  position,  and  a  deflect¬ 
ing  pla’e  carried  by  the  cap  and  arranged  to 
deflect  .  ie  cues  toward  tbe  valve,  tbe  aaid 
valve  ueiog  cloned  by  the  action  of  the  g-uw-r. 
whereby  the  laid  casing  tooeiveeaod  oonflnee  ieo 
for  a  time  the  gaaee  retailing  from  Aringthe 
gnu. 

MtBE  at  cox  wtniiitcTog. 
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It  U  hereby  certified  that  in  Liitmi  Jlrtmt  No.  «6A**4t  pmniid  October  2,  1900. 
epoo  Um>  fcpptiofcUou  of  Rood*  Maooa  Washington  and  Alfred  WtW*  Copy,  of 
Te*^fcrMi*^Te^tia‘,Artw*l»«rti  for  B«ml>  of  fowM,"  «mm  appear 
raqniriaf  ocerpetioe-,  as  follows:  In  the  pnt  sad  lc  the  printed  W  of  the  speritka- 
tfoa,  it  is  stated  that  they1  boro  attedoorth  of  their  right  to  laid  WiwMcgtoe, 

wbetoaa  it  tbonid  bore  b-rea  stated  that  arid  Con  ,/  a*  mHrt  ri9iJ  u 

ssild  and  tbit  the  said  Iottw  Patent  sboud  bo  read  with  these  corrections 

URMSi  that  U»«  Mass  .cay  ooafora  to  &e  raoord  of  the  ease  ia  the  Patent  Office. 

Sigaod,  oooater^gped,  aad  sealed  this  10th  day  of  October,  A.  I>  ,  1900. 

[sjui.]  F  l.  CAMPBELL, 

Coontarsigsral :  *****  Arnto,  «/  tie  Interior. 

C.  H.  Ptr^u, 

Qmafoaeaer  o/  Pmtextt. 
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Translation:  Patent  No.  5473,  "Device  for  Silencing  a  Pirearmf 

issued  to  Josef  Hutflesa,  1  June  1901,  In  Vienna 


The  proposed  Innovation  hcj  to  do  with  reduction  of  noise  due  to 
the  sudden  discharge  of  propellent  gases  after  firing  a  weapon.  It  Is 
hereby  claimed  that  the  barrel  will  close  after  projectile  exit.  The 
propellent  gases  will  be  released  after  passing  through  two  or  moire 
regulating  tubes  running  parallel  to  the  barrel.  In  this  way,  the 
pressure  will  be  reduced  and  the  gas  exit  will  cause  only  an  Insig¬ 
nificant  noise. 

The  invention,  for  application  to  sporting  guns,  Is  shown  In 
Fig.  1  through  4,  the  sketches  shoving  the  longitudinal  side  view  and 
front  views  of  the  barrel  cross  section,  A-B,  of  Figure  1. 

Aa  is  evident,  the  muzz la  of  the  barrel  forms  into  a  funnel.  At 
the  bottom  of  the  barrel,  a,  are  arranged  two  parallel  thin  vailed 
tubes,  b  and  c,  which  are  connected  together  at  their  ends. 

Tube  b  is  connected  to  the  nuzzle  end  of  the  funnel  shaped  barrel, 
a,  while  the  sane  end  c.'  the  othor  tube,  c,  is  equipped  with  a  row  of 
holes,  d. 

This  weapon  requires  the  use  of  special  projectiles  which  are 
made  up  of  two  loosely  connected  parts,  m  and  n.  The  charge  is  di¬ 
rectly  behind  part  m,  which  la  of  the  same  caliber  as  the  straight  tube 
while  the  front  part  of  the  projectile,  n,  matches  the  narrow  part  of 
the  tube  and  is  connected  to  the  heavier  projectile,  part  m,  by  a  fixed 
pin. 

The  operation  of  the  device  is  as  follows.  Upon  firing  the  weapon 
the  developing  propellent  gases  in  the  tube  push  both  projectile  parts 
»  and  n  up  to  the  narrow  tube.  Arriving  there,  the  heavier  projectile, 
m,  will  be  forced  in  the  narrow  barrel  (poeition  m')  and  thereby  held 
back.  The  front  projectile,  n,  in  consequence  of  its  acquired  velocity 
will  free  Itself  from  the  back  projectile,  m,  passing  and  exiting 
through  the  remaining  portion  of  the  barrel  (position  n'). 

The  propellent  gases  do  not  pass  into  the  atmosphere  through  the 
muxzla  of  the  barrel  but,  because  of  the  obstruction,  they  enter  tube 
c  through  the  opening  g.  From  hers  they  pass  into  tube  b  and  leave  the 
latter,  with  essentially  reduced  pressure,  through  the  arranged  holes, 
d,  in  this  front  end  of  tube  b,  whereby  only  a  hissing  noise  is  produced 

As  the  result  of  this  operation,  a  loud  noise  will  be  avoided  and 
the  propellent  gases  will  leave  the  tube  producing  a  damped,  unnoticed 
noise.  The  remaining  projectile  part,  m,  in  the  tube  can  be  removed 
through  the  Insertion  of  a  charging  rod. 


Patent  Claim 


.  *•  f.ffT1**  for  •*l«eiag  th®  noiee  produced  by  firing  a  weapon. 

2-2?  bnrr#l  n**r  £h*  «**«le  is  to  be  funner 

shaped,  and  to  this  ere  to  be  connected  one  or  more  interconnected 
tube*  froa  idiiclj  the  geeee  discharge)  through  many  email  opening*. 


i.  Two»p*rt  projectile,  which  ie  described  above.  The  powder 
charge  i*  to  be  behind  the  rear  part,  which  is  of  the  same  calibelT 

th®  front  '*ich  i*  to  be  loosely 
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To  cfi  to&om  if  out;:  concern. 

Be  it  know  a  tint  I,  Hum  Pxwrr  Maxiu. 
•  citizen  of  the  Jnited  Ptt'.os,  reaid 'nr-  in 
the  city  of  Hartford,  in  the  Stab,  of  Lon- 
•  BKtbit,  have  invested  certain  sew  and  use¬ 
ful  Improvements  in  Silent  Firearm*  of 
which  u-e  following  is  a  specification,  refer¬ 
ence  being  had  to  the  accompanying  draw¬ 
ing,  forming  a  part  hereof. 

19  In  the  continued  use  of  silencer*  ftr  'ire- 
arm a  in  which  the  energy  of  the  ponder 
gases  is  dissipated  in  rotary  or  whirling 
movement  of  the  gases  before  they  pass  <n.to 
the  atmosphere,  and  in  which  a  sen.  s  of  par- 
19  titions,  diaphragms  or  apiveder..  are  si.p 
ported  by  a  shell  or  casing  at  the  muzzle  of 
the  firearm,  the  rotary  or  whirling  swe- 
noent  of  the  gases  taking  pkc*  in  thi  cham¬ 
bers  formed  thereby,  the  partitions,  d;a- 
*0  phragms  or  sp  react  rs  nearest  the  true  muz¬ 
zle  of  the  barrel  of  the  firearm  are  exposed 
to  the  highest  gae  pressure,  while  those  more 
remote  from  the  muzzle  are  exposed  to  much 
leas  gas  pressure.  Lightness  in  the  silencer 
31  can  be  secured  by  malting  the  partitions,  dia¬ 
phragms  or  spreaders  m  the  zone  of  high 
ges  pressure  of  sufficient  stiergth  to  with- 
stand  such  pressuie  and  by  making  the  par¬ 
titions,  diaphragms  or  spreaders  more  remote 
39  fro m  the  muzzle  of  thinner  and  even  of 
lighter  material.  It  is  found,  however,  that 
it  is  necessary  to  provide  an  abutment  for 
the  heavier  and  stronger  diaphragms  near 
the  muzzle  to  support  them  against  the  im- 
U  pact  of  tl.fc  gases  ind  to  relieve  frvm  gvezt 
pressure  the  successive  lighter  diaphragms, 
which  are  liable  to  be  crushed  eventual!}  it 
the  resistance  is  through  them.  i 

One  object  of  the  present  invention,  there-  j 
49  fore,  is  to  provide  such  a  coast  ruction  of  | 
silencer-1  of  this  character  as  shall  lie  ca-  , 
pable  of  withstanding  the  impact  of  the  I 
gases  while  at  the  same  time  the  minimum  ; 
of  weight  in  the  silencers  is  secured.  Fur-  ! 
41  thermore,  in  silencers  of  this  character  which 
arf  eccentric  with  respect  to  the  axis  of  the  ' 
gun  barrel,  it  is  necessary  to  assure  accurate  [ 
alinemert  of  the  openings  through  the  suc¬ 
cessive  diaphragms  for  the  passaga  of  the 
34  projectile 

It  is,  theref-re,  a  further  object  of  this  t 
invention  to  provide  a  construction  by  which  I 
swell  alinemeitt  of  the  openings  through  the  j 


<  ianhragma  shah  .a  secured  withe  ut  requir¬ 
ing  great  labor  i  u  the  assembling  of  the  die*  S3 
phrrgms  aed  casing. 

;:Iie  invention  will  bo  more  fully  ex- 
i  plained  L*  reinaftcr  with  reference  to  tne  ac- 
I  companyiojj  drawing  in  whidi  it  is  illue- 
|  t rated  end  ui  -./.rich —  40 

Figure  1  ut  t.  vie-  in  side  elevation  of  an 
ordinary  '-(porting  rifle  equipped  with  a 
silencer  which  embcd.:i>s  tzs  invention  Fig. 

2  is  %  detail  vie.  in  sect!  >u  and  on  a  largar 
scale  of  the  silencer  shown  in  Fig.  1,  a  por-  «s 
tion  of  the  barrel  being  .-iso  represented. 
Fig.  3  is  a  free  view  of  on«  ..  the  dia¬ 
phragm*,  showing  the  rcc*  jo-  iu  the  cir¬ 
cumference  thereof.  Fig.  4  is  *  anaverse 
section  of  the  •*  .-h:-..'  or  casing,  78- 

shoring  the  lorigitudinn-.  a. , 

In  the  e/nbodiii.»nt  of  ,l  <:  i*i  v.**'.tion  shown 
in  the  drawing  them  i:,  -  curc-d  to  the  ex¬ 
tremity  of  the  barrel  i  i„  the  ;un,  in  any 
suitable  manner,  as  by  screw  Inroads,  a  cas-  78 
ing  d.  which  is  preferably  substantially  cir¬ 
cular  in  cross  section  and  of  <tr  or  loss 
length  as  may  be  reouiied  and  f-.i.us  a  sup¬ 
port  and  inclosuie  foe  the  -a-ries  cf  single 
silencing  devices  or  partitions  or  diaphragms  80 
ur  spreader*  e  by  which  the  gases,  which  es¬ 
cape  at  the  mua7ie  of  the  barrel  a,  ere  com¬ 
pelled  to  acquire,  within  successive  cells  or 
ciusrtwem  formed  by  the  diaphragms  r,  a  ro¬ 
tary  or  whirling  movement  8G 

In  the  embodiment  of  the  invention  shown 
each  single  ailencing  device  e  is  generally 
circular  or  annular  with  rtfetenee  10  the 
axis  of  the  shell  or  casing  a,  and  is  spiral  or 
conchoidal  in  cross  section,  an  opening  «'  tc 
being  formed  for  the  pa-sag*  of  the  pro¬ 
jectile.  In  the  construction  shown,  such 
opening  ;s  eccentric  with  respect  to  ;L  axis 
of  the  .‘.Fell  or  casing.  As  is  now  well  un¬ 
derstood,  the  powder  gises  are  directed  by  95 
the  frosto  conical  portion  of  .aih  dia¬ 
phragm  or  spreader,  or  single  silencing  de¬ 
vice,  into  the  annular  chamber  formed  by 
the  diaphmgm  and  acquire  therein  a  rapid 
rotary  motion  in  whidi  their  energy  is  dissi-  ISO 
pated.  The  diaphragms  or  spreaders,  as 
nearest  the  niu.xle  of  the  gun  are  natutaily 
subjected  o  the  highest  pressure  of  the 
gasea.  wbi.'e  those  more  remoie  fri  m  the 
muzzle  art  subjected  to  a  considerably  lower  105 
preset: ri-  Thoee  more  remote  from  the 


aural*  of  the  gun  may,  therefor*,  be  lees  proper  relative  position  with,  tht  opcsln^ 
cepebS*  of  twitting  high  pressure  than  thorn  «'  m  accurate  ejinetuent  edth  the  bore  of 
aeerar,tbe  morale  end  map  be  made  of  much  the  berrel  s. 
iijbUr  sheet  steel  than  those  near  the  1  claim  *<  my  invention: 

•  muzzle,  or  map  even  be  made  of  aluminuev  I.  A  silencing  desk*  tor  i  rearms,  com- 

while  those  neater  the  mural*  are  made  of  pridng  a  shell  or  caring,  a  aerie*  of  cha¬ 
rted.  However,  should  the  diaphragms  or  phragms  or  spreader*  disposed  in  the  shell 
spreader*  nearer  the  muzzle  rat  ciirwctljr  <  or  casing  emote  from  Um  maul*  end  (am- 
against  thorn  more  remote  from  the  mutate,  •  mg  a  Btramioa  of  chamber*,  each  of  tee 
in  m  that  lb*  latter  receive  the  prewure  Iran*-  i  diaphragm*  or  -presdera  luring  an  opening  .t 
matted  through  the  former,  (Hep  would  !  f»r  ihe  jiecvsge  of  the  projector,  and  a  rela- 

eventusllp  be  broken  down.  To  obviate  j  lively  heavy  or  strong  diaphragm  or 

thin,  an  abutment  is  formed  in  (be  shell  or  rp.-wuler  disposed  in  the  shell  or  casing  ed- 
casing  4  to  receive  the  pressure  of  the  dia-  J  jaevnt  to  the  muzzle  of  the  firearm  and  also 
21  phragms  or  spreaders  in  the  cone  of  high  <  having  an  opening  for  the  passage  of  the  M 

gas  prowure.  Futh  abutment  map  be  v»n-  projectile,  if.e  shell  or  casing  having  an 

ouaiy  formed,  but  aa  a  convenient  and  itux-  -abutment  to  resist  the  forward  pressure  of 
pensive,  but  effective  construction,  tiie  sbel)  such  heavier  diaphragm  or  spreader,  where, 
or  casing  d,  after  the  lighter  diaphragms  or  >  by  the  lighter  diaphragms  or  spreader* 
j9  enreadeiii  «  have  been  placed  therein,  it  >  rettn4e  from  the  nmnli  of  the  firearm  are  >4 
formed  with  an  inner  circumferential  r.dge  relieved  of  the  pressure  of  the  beerier  die- 
or  « boulder  d\  aa  bp  spinning,  and  against  ;  pbragm  or  *preeder. 

such  abutment  the  heavier  diaphragms  «  j  2.  A  silencing  device  for  firearms,  oom- 
taraedcni  «'  rort.  It  will  be  understood  pricing  a  supportii.g  shell  or  casing,  a  oerie* 
j*  that  the  number  of  heavier  or  stronger  dia-  |  of  diaphragm*  osr  spreader*  dir  posed  :n  the  M 
phragms  or  spreaders  employed  will  depend  j  -h-U  or  casing  remote  from  the  mural*  and 
upon  the  character  of  the  gun  to  which  the  J  forming  a  «Lw*a*ion  ot  chamber*,  each  of 
sUcnoer  is  applied.  For  a  light  power  gun  (he  diaphragm*  or  upreadcr*  having  an  open- 
it  is  sufficient  io  provide  one  cm vy,  aturl  dis-  i«-  .{.;»•  the  ptraage  of  ibe  p:v*;>-tde  and 
10  pbragm  or  spreader  <-*,  as  onown  in  Fig.  $  forming  an  znouiar  cell  substantially  eon- 
of  the  drawing,  but  with  a  gun  of  bitter  choidal  in  ernes  section,  and  a  heavier  dia- 
power  two  or  more  of  the  heavy  steel  dis-  jdiragrn  or  »ptr ader  disposed  in  th*  shell  or 
phragms  or  spreader*  may  be  require**.  Of  casing  adjacent  to  the  (nuzzle  „/  the  firearm 
course  the  number  of  the  fighter  diaphragms  and  also  having  an  opening  for  the  passage 
IS  e»*  spreaders  emoloyed  will  also  depend  up«*n  of  the  projectile  an  a  also  forming  an  so-  lae 
ths  character  of  the  gun  to  which  the  n-  nulir  cell  oul*4an(ialIy  conchoid*]  in  crow 
lenccr  is  applied  and  She  rffv  to  be  pro-  section,  the  supporting  (hell  or  casing  hiv- 
duced.  In  toe  construction  shown  in  Fig.  2  ing  an  anutment  to  receive  t’-e  pressure  of 
neoe  is  provided  within  the  shell  or  caving  such  heavier  diaphragm  or  *p  seder,  where¬ 
at  J  for  more  than  ona  heavy  or  strong  dia-  by  the  light  t  diaphragms  or  spreader*  re-  ]0j 
phragm  or  spreader  and  a  spacing  sleeve  d*  ;  mote  fro®  the  muzzle  of  the  6re_rm  are  la- 
i*  introduced  to  hold  th*  single  diaphragm  j  beved  of  the  prt-«ure  of  the  heavier  dia- 
or  spreader  in  place.  j  phiagm  or  >pre*dvr. 

It  will  be  understood  that  the  provision  (  X  A  Mlrncing  device  for  firearms,  com¬ 
as  of  an  abutment  for  the  heavirr  diaphragms  |  prising  a  supporting  ahell  or  casing,  a  series  no 
or  spreaders  is  equ*Mjr.  desirable,  whether  ,  of  diaphragms  or  spreader*  disposed  in  the 
th*  silencer  be  concentric  with  the  sxis  of  slirll  or  casing  remote  from  the  muzzle  of 
tb*  gun  barrel  or  eccentric  with  respect  there-  t  the  firrarm.  rsch  of  the  diaphragms  or 
to.  in  t  bb  construct  ion  shown  in  the  draw-  I  ••prvvJem  forming  tun  ai.nuUi  cell  mi  bet  an¬ 
no  ing,  hovtvtr,  ibe  silencer  is  eccentric  and  it  >  t  tally  conchoidal  in  -rroev  sect  too  and  having  us 
thcra/oie  becomes  desirable  to  provide  .jevin*  an  *  Opening  for  the  jtessag*  cf  >  he  projectile, 
fur  readily  assuring  the  accurate  el.nement  ,  and  s  heavier  or  stronger  diaphragm  cjr 
of  the  openings  e'  in  the  several  diaphragms  1  ‘prvadcr  d.*|>»sed  in  the  shell  >-r  casing  ad- 
tr  spreader*  with  the  bora  cf  tlie  gun  l>*r-  j#r*-nt  to  the  muzzle  of  the  firearm  sna  also 
tt  rel.  Tor  this  purpose,  in  the  const  run  ion  i  forming  an  annular  cel?  subetantiaily  cca 
(bown,  each  of  the  diaphragms  or  apruedera  ■  choidal  in  crow*  section  and  having  *r>  ow-n- 
ia  provided  <n  its  circumference  w- it Ji  a  key-  ,  ing  fur  the  pa:  sage  of  the  projectuc,  ilia  sup* 
way,  ai  shown  at  *•  :j,  big.  3,  and  the  alirll  I  pntiny  shell  or  casing  having  an  interior 
or  cueing  A  it  provided  with  an  internal  I  niciimfc-r;  ntial  ridge  forming  an  abutment 
•0  lougitu  imai  r.dge  nr  key  d1,  which  msy  be  to  rvwive  thr  nrrwiure  of  v-zch  heavi»r  dia-  JJ6 
coovenienlly  forrunl  by  rolling  or  pressing  (  phragm  or  *pt.-mds*r.  »here*»y  the  lighter  die- 
S  suitably  thaned  tool  into  the  outer  wall  of  ;  phragms  or  spreadera  remote  from  tho 
the  casing.  With  this  ccnst ruction  the  dis  !  muzzle  of  the  firearm  ere  relieved  of  the 
phragms  or  spreader*  cannot  be  introduced  j  prraeurc  of  the  heavier  diaphragm  or 
SS  into  the  shell  or  casing  except  in  their  I  vprvedcr.  jit 
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■?-  A  silencing  device  for  firearms,  com¬ 
prising  a  supporting  shell  «ir  casing  ntd  a 
eerie*  of  diaphragms  or  ^jircailcrs  di‘-{v«s.‘<l 
in  the  shell  or  casing  and  forming  a  funrs- 
C  iinn  of  -han-ber*.  each  of  the  diaphragms 
or  spreader*  having  an  opening  ecreiiiricjlly 
disposed  for  the  passage  of  tin*  projertde. 
tlie  shell  or  casing  having  nn  interior  r:dge 
or  kev  and  each  of  the  diaphragms  or 
10  Mirra (irrs  having  a  kt-y-vrav  to  cooperate 
therewith. 

5._A  silencing  device  for  firearms,  c-mi- 
prtsing  a  supporting  sliell  or  rasing  and  a 
aeries  of  diaphragms  nr  spreader*  disposed 
10  in  the  supporting  shell  or  casing  and  form- 


i  ing  a  succession  of  chambers,  each  of  the  dia- 
j  phragms  or  spreader*  forming  an  annular 
i  cvl!  substantially  conchoids!  in  crosi  section 
i  and  having  aa  opening  ecccntricall*  «iia- 
|  [seed  for  the  pawage  of  the  projectile,  tbe 
;  shell  or  casing  having  an  interior  ridge  or 
I  key  and  each  of  the  diaphragms  or  spreaders 
j  having  a  key-way  t»  cooperate  therewith, 
i  This  specification  signed  and  witnessed 
I  this  2«Ui  day  of  Hoiembcr,  A.  D., 

j  HIBAM  PERCY  MAXISL 

Signed  in  the  presence  of — 

|  JoseriiiNt  if.  Mina, 

i  Lav*  E.  Bzaaorrrcn. 
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Jb  all  vKam  it  may  conetrx: 

Ik  it  known  lh«:  I,  Ki'ctsi  Tiitiuxjr,  ■ 
cilttest  of  Ihe  Swi»*  (utifolcrdion,  iwidiUK 
at  Fribourg.  of  the  Swi»  ('onfclcmti  «n, 

•  tuiif  invented  certain  new  ami  useful  Im¬ 
provements  in  lh-vict-s  for  the  Siihjinriion 
of  the  J{«-|iorft  of  Firearm*,  ol  which  the  fol¬ 
lowing  is  a  rjwciticalion. 

This  invention  relate*  to  devices  f  >r  tesc- 
14  cuing  the  report  of  fire-arm*.  According 
to  this  invi-ntion  the  energv  with  which  the 
gases  of  combust ion  travel  is  destroyed  bv 
raiding  said  gases  through  a  certain  num¬ 
ber  of  chaml*em  which  are  arranged  at  a 
14  certain  Uist.  -ce  apart  the  one  before  the 
other  and  wfii-i  have  passages  for  tlie  pro 
jertile.  The  gave*  ere  thus  deviate.*  from 
the  trajectory  and  made  to  expand  gent-r- 
allr  in  said  chamber*. 

N  the  devices  according  to  this  invention  I 
differ  from  the  devkrs  of  known  ((jus  and 
aerving  for  the  same  purpose  by  the  ar¬ 
rangement  that  the  said  expansion  chamlieiw 
have  the  shap-e  of  conical  sleeves  which  arv 
»  mounted  in  a  rasing  the  rear  end  of  which 
is  perforated  or  formed  of  wire  gauze  for 
]  of  it*  length.  The  inner  casing  is  fur¬ 
ther  inclosed  in  on«  nr  more  mantle*  wh.ch 
are  alternately  perforated  at  the  fn*it  or 
>4  at  U»e  rear  end.  'Hie  case*,  which  are  com¬ 
pressed  at  a  verv  high  decree  of  pressure 
when  they  are  temp  generated  are  thus 
quickly  deviate,!  from  the  trap, -tore  of  the 
projectile.  The  Cases  escaping  I  hmugh  the 
••  perforation*  of  the  easing*,  (jetting  bid  of 
the  conical  alerve.  ts  prevent,-"!. 

In  the  accoiupan  vine  drawinc.  a  plan  of 
execution  of  the  iktjsvl  of  the  present  un.-n-  I 
lion  is  shown  a*  applied  to  a  ride  l-airel.  j 
44  Figure  1  represents  a  honrortal  longi¬ 
tudinal  section  of  the  ap|>aratus.  Fig.  !? 
shows  a  cum  M-rtion  al<*ig  the  line  11—11 
(aee  Fir.  1).  Fig*.  .1  an.!  I  ha.e  irfrmae 
to  the  details  of  the  derive  ihown  in  Fig*. 
44  1  end  V.  h  igv  b  In  7  show  the  detail*  of 
three  mot.ihcatiuns. 

The  dr  nr*  represented  in  Figs.  I  to  I  ha*  • 
a  sleeve  it  the  intertial  diameter  of  which  la 
equal  tc  the  outer  diameter  -.f  the  barrel  A 
44  An  angular  slot  o'  (  F ig  .11  u!  the  fr.*  e.ul 
of  the  slvera  a  arrive  to  tia  the  device  to  the 
barrel  6,  raid  *hd  Icing  pushed  over  rhe  i 
aigfc?  c.  The  lutenor  of  the  apparatus  is  | 
provided  with  a  arnev  of  tuh-.lar  sleeve  d 
•4  placed  oo- axially  m  the  tuba  «.  Thu  lube  j 


c  is  di.uMenalted  ami  it  is  made  for  two- 
third,  <-f  its  heigh;  of  (me  net  work,  the  re- 
inuiriiiig  thin!  twin/  of  sheet  metal.  The 
stivies  t!  are  eoninllv  enla-’gi-d  toward  I  he 
fnmt  end.  The  iiairoiv  rear  ends  me  all  40 
turned  toward  th-  iurrd  t>  ami  constitute 
together  a  taiul  for  tin-  pmjo'lil.i  1*.  The 
shell*  ./  i.aie  at  tin-  fnmt  c*Mi  lour  slot* 
through  whi-  h  are  pnss.il  four  rod*  /  li\i*l 
■  >ii  tic*  "ti-ide  ol  the  iiilw  <  uni  Nervine  to  44 
I  maintain  the  sleeves  •/  at  a  given  distance 
from  intch  other  s*.  that  each  two  suoeixxf- 
ing  shove*  form  a  curve"l  jiassage  for  the 
cfiitpn  ssed  gas.  'Hie  tune  e  is  surrounded 
l»y  a  s-e<ind  tulw  u  of  a  greater  diaim-ier  ?0 
lhar.  r.  ttie  po-itnoi  of  which  is  rrt-enlric 
with  ri  garvl  to  the  cnmiiion  axis  of  the  tubu¬ 
lar  slee, "si  d.  This  tulw  i*  perforated  at 
the  first  J-a;t  <}'  for  one-third  of  its  hngth. 

•\  tliinl  tide  A  tM-ri.. rated  at  it*  rear  part  T4 
for  one-third  of  it,  length  surrounds  the 
till**  •/.  The  space  liet*e,n  •/  and  A  is  tilled 
wi’h  shaving*  of  ii.eta),  such  as  ahindniiim. 

The  of  the  ;ulw  is  al~o  t«ien*ric 

•  will;  r.g.nl  to  llw  axis  of  ibe  sleeve*  •/  so  44 
that  the  "-'gilt  c  props-ts  oier  the  deme  for 
i  fi«  millimeter*. 

'lio-  "hris  lion  fitllow  cd  by  the  i*vin pressed 
gn->  i>  h.i«n  bv  the  arrow*.  'ITsr  projectile 
on  l-asjng  the  Irjrrel  enter-  into  the  44 
ehaii'iel  foitnasl  bv  the  narrow  extremities 
of  the.  si. *et e*  cl  ,  mg  this  channel  to  the 
compress,  1  g.i ;  which  rush,*,  mnsixpirnilv 
through  the  aniuilnr  o|s-mfig»  of  the  tulw  r 
into  ihe  spare  Iwlwecn  the  tulw,  e  and  g  •• 
where  It  p.irtiallv  expands.  From  there 
Ihe  gas  e-"e(»*  tlirv-u-'h  the  narrow  open¬ 
ings  of  tin*  lirst  or  for'  ard  ihiid  of  the 
ti  *•  ./  into  toe  space  (wtweeu  p  ami  A 
where  t/w  cii'  ii  pri-v-iit,*|  from  rx]ianding  44 
iiistanllp  owing  In  the  lilling  of  na  tal  shav¬ 
ing*.  ihe  I*cj|>e  of  gas  through  tl  r  o|a  n- 
ing*  in  l hi  Inis-  h  lakmc  (ilaic  without  any 
rcj*»rt  The  ■  *i«i  wall  f  the  forward  par’, 
of  the  lid*-  ■  -  events  the  gn  from  i-nlrr-  100 
iiig  tic  * l.-ei r  rf  thus  israfi.ng  hr  the  cen¬ 
tral  rhaonel  iiefi'ie  the  sh-it.  ’I  he  niore 
cl"  n gated  tl,e  I'nrm  of  the  sleeve*  the  Ir.-w 
the  g  .»  will  eiui.-.tv"ir  t  >  (s-ncimte  into  the 
[>a  ,-pe  hr  I  Is-  fir,  n>tile  IC4 

.-■•-"  I  C"l  l  ,1.-st  III,-  I iilie  r  'llw*  »»•►! 
(mU'S  Olf  ‘•ilii  Ih^t  Hilo  </  *t  1 1  •A 

f»»rt  :  ihtrv  it  Miil  it  -f'lrf  oi  a  few  nrti;- 
nirirr^  f  «ruJ  j  it  rwrA.iirr 

»or  ii>«  fr\ te  pA*s*&?  of  |m  Around  lit*  11# 


tube  e.  If  (his  tube  we  nr  to  touch  the  (ube 
f  the  result  would  be  a  pressure  on  (lie  pro¬ 
jectile  causing  the  same  to  deviate. 

Experiments  hrve  shown  that  the  recoil 
t  of  a  gun  fitted  with  the  above  described  de¬ 
vice  is  only  very  slightly  diminished,  the 
automatic  reloading  by  recoil  could  there¬ 
fore  be  accomplished. 

Kip.  5  shows  a  modified  construction  ac- 
10  cording  to  which  ill*  tubular  sieeves  ase 
differently  shaped  than  ir,  the  first  instance. 
Accordant;  to  Fig,  C  the  tube  g  or.  this  de¬ 
vice  has  been  suppressed.  The  entire  gpaoe 
between  the  tubes  e'  and  h'  ir.  tilled  with 
it  inetal  shavings.  A  net-work  A'  has  lieen 
applied  to  the  inside  of  the  |wrforated  por¬ 
tion  of  tfco  'tilie  A'.  Kig.  7  shows  slots  A’ 
provided  in  the  tube  A'  for  the  escape  of 
Uie  gas. 

10  I  claim. — 

An  improved  device  for  lessening  the  re¬ 
port  of  hre-arma  in  which  the  compressed 
gases  are  deviated  from  the  trajectory  of 


J  the  projectile  by  rncana  of  uorisewitire  ele¬ 
ments  which  form  a  channel  for  tho  passage  it 
I  of  the  projectile,  comprising  in  combination 
a  certain  number  of  elements  consisting  of 
i  is  >n  .r  a  I  sleeves,  a  tube  inclosing  said  vie- 
|  mcnis  and  perforated  for  two  thirds  of  »U 
.  length  from  tho  front  end  to  the  rear,  an  30 
eccentric  casing  surrounding  said  tuba  and 
I  composed  of  two  tubes  of  which  the  inner 
!  one  u  |*rfon»ied  si  the  front  part  about  one 
third  of  its  length,  the  outer  tube  being  per* 
i  Insisted  at  the  rear  per*  for  about  one  third  32 
of  its  length  and  a  filling  of  metal  iihavings 
in  the  space  between  saidlubcs  substantially 
as  described  and  sliown  and  fur  the  purpose 
set  forth. 

In  witness  whereof  I  have  hereunto  set  «9 
my  hand  in  the  presence  of  two  witnesses. 

EUGENE  TIIUKLEJt. 

Witnesses: 

Auvurr  cr  CaBAujuds, 

II.  C.  Coxr- 
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Silencers  for  hand  weapons  are  already  knovn.  Generally,  they 
consist  of  an  elongated  hollow  cylinder  with  baffles,  which  cither 
partition  the  chamber  or  close  it  off  from  the  atmosphere  by  us  a  of 
elastic  washers.  Either  way,  good  results  are  not  obtained  because 
the  notes,  even  though  somewhat  attenuated,  always  remains. 

In  relation  to  such  silencers,  the  following  improvement  and  dis¬ 
covery  is  contained  herein.  The  inner  chambers  will  be  completely 
filled  with  a  porous  material,  such  as  viscous  sponge,  rubber  sponge, 
or  a  similar  material.  This  material  offers  no  resistance  to  the 
passing  projectile  and  closes  iasoadiately  behind  it.  The  gas  follow¬ 
ing  the  projectile  will  be  forced  into  the  many  small  cavities,  where 
it  will  be  delcyed  prior  to  arrival  at  the  closing  washer  until  such 
time  as  the  projectile  will  have  passed  through  and  the  washer  will 
have  closed.  In  this  manner,  a  substantial  attenuation  of  the  noise 
will  be  obtained. 

The  objective  of  this  discovery  is  illustrated  in  the  following 
sketch. 

Fig.  1  shows  a  longitudinal  view  of  the  silencer  in  which  the 
wells,  d,  separate  the  hollow  cylinder  into  separate  chambers.  The 
chamber,  b,  is  filled  with  porous  material,  followed  by  packing  washers, 
c,  and  the  elastic  closing  washer,  a. 

Fig,  2  shows  the  view  of  the  muzzle  of  the  silencer  with  the 
notched  closing  washer. 

Fig,  3  shows  a  view  of  the  silencer  end  attachable  to  the  barrel 
of  the  weapon. 

Patent  Claim 

Silencer  for  a  hand  weapon  is  described  as  follows.  The  closing 
packing  washers  In  front  of  the  hollow  cylinder  are  to  be  made  of  a 
BAterial  which  is  capable  of  closing  the  hole  produced  by  the  passage 
of  the  projectile.  One  of  the  divided  chambers  of  the  hollow  cylinder 
is  to  be  completely  filled  with  rubber  sponge,  viscous  sponge,  or  other 
similar  porous  materiel. 
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Th's  Invention  relates  to  llmrsa  and  more 
particularly  to  a  sUencer  tor  reducing  the  muzzle 

blast 

The  principal  object  of  the  Invention  u  to 
•educe  the  noise  associated  with  the  muscle  blast 
of  a  firearm,  other  objects  an  to  reduce  the 
weight,  size  and  cost  of  a  tUeocer  and  Improve 
the  stability  of  performance. 

Important  /actors  In  silencing  the  muzzle  blast 
of  a  firearm  are  the  repld  cooling  of  the  power 
gaata  and  ti-e  reduction  of  pressure  before  they 
emerge  An  effective  silencer  util  ang  these 
principles  comprises  a  chamber  containing  heat 
absorbing  material  through  which  the  bullet 
passes.  The  effectiveness  of  auch  a  device  de¬ 
pends.  among  other  things,  upon  ita  croas- sec¬ 
tional  area.  Applicant  has  dlrcovered.  however, 
that  the  Importance  of  having  a  large  cress- 
sectional  area  diminishes  considerably  toward  the 
front  end  of  the  silencer. 

In  accordance  with  the  Invention,  therefore, 
the  chamber  has  at  Its  front  end  a  section  of 
reduced  cross-sectional  area.  Weight,  size  and 
coat  are  reduced  without  seriously  affectin';  the 
efficiency  of  noise  reduction.  The  silencer  may 
be  built  as  an  attachment  or.  prefc-mbiy.  the  rr.- 
portlon  of  the  chamber  may  be  bulls  around  the 
barrel  or  the  firearm,  with  communicating  holes 
through  the  barrel.  The  heat  absorbing  material 
may  be  metal  screen,  which  may  take  the  tom 
of  aprrturrd  di-.es.  stacked  one  upon  an  Hher  and 
preferably  held  tn  compression,  plating  the 
screen  with  some  metal  such  as  tin  before  punch¬ 
ing  the  discs  will  increase  the  stability  of  per¬ 
formance. 

The  nature  of  the  invention  will  be  more  fully 
understood  from  (he  totlowlng  detailed  descrip¬ 
tion  and  .by  reference  to  the  accompanying 
drawings.  In  which  like  reference  characters  refer 
to  similar  or  corresponding  parts  and  In  which: 

Mg.  I  L  i  side  »i nr.  partly  In  section,  of  a 
silencer  in  accordance  with  the  Invention  at¬ 
tached  to  a  Dream: 

Mgal  and  I  are  cross-nectional  views,  to  larger 
scale,  of  the  silencer  of  Pig.  t  taken  along  the 
lines  2 — S  and  J — I.  respectively: 

PM.  *  Is  a  aide  view,  partly  In  section,  of  a 
modified  fora  of  the  silencer  of  fig  >  in  which 
the  rear  portion  of  the  chamber  Is  built  around 
the  barrel:  and 

Pig  ft  Is  a  cross- sectional  view,  to  larger  scale, 
•f  the  silencer  of  FI*.  4  taken  along  the  line  ft— I. 

Fig  1  shows  one  tom  c/  the  silencer  II  at¬ 
tached  to  'he  end  of  the  barrel  II  of  a  firearm 
II.  The  silencer  IS  comprise*  a  cylindrical 


chamber  having  a  rear  section  II  and  a  front 
section  It,  both  conlaln'ng  heat  absorbing  ma¬ 
terial.  through  which  the  bullet  passe*  with  min¬ 
imum  clearance.  Tlte  side  walls  of  the  rear 
0  section  It  are  termed  by  the  metal  tube  It  which 
<s  securely  fastened  at  the  rear  to  the  aperturnl 
end  piece  II  and  at  the  front  end  ts  Internally 
threaded  to  receive  the  ap;rtured  connector  II. 
The  heat  absorbing  material  In  the  section  It  la 
10  In  the  form  of  a  number  of  annular  dl-cs  lft  of 
metal  screen  stacked  one  upon  another  and  held 
in  compression  by  the  connietor  II.  The  end 
piece  lft  includes  as  an  Integral  part  thereof  a r 
internally  threaded  collar  19  which  screws  onto 
1ft  the  threaded  muzzle  of  the  barrel  II  to  hold  the 
silencer  II  securely  in  position. 

The  front  section  21  comprises  a  metal  tube  22 
securely  attached  at  Its  rear  to  the  connector  If, 
threaded  at  It*  front  end  to  receive  the  annuo*  ! 
to  end  piece  21.  and  filljd  with  annular  dl-ra  20  of 
metal  screen.  A  forward  sight  III  Is  provided 
at  the  front  end  of  the  silencer  lft.  In  order  to 
save  drawing  space  parts  of  tne  sections  II  and 
21  have  been  removed.  Figs.  2  and  3  are  croas- 
tft  sectional  views. 

The  effectiveness  of  the  silencer  II  depends 
Upon  Its  length  and  cross-sectional  area.  How¬ 
ever.  applicant  has  found  that  Use  cross -sectional 
area  may  be  reduced  at  the  front  end  of  the 
so  silencer  without  a  proportional  reduction  in  ita 
ability  to  silence  the  muzzle  blast.  This  It  due 
to  the  fact  that  the  powder  gases  have  already 
been  considerably  lowered  in  temperature  and 
pressure  before  they  reach  the  front  portion  of 
the  rUeneer  and  so  It  takes  a  smaller  cross- 
sectional  area  to  cool  them  a  given  additional 
amount  Therefore.  In  accordance  wi'.h  tne  in¬ 
vention.  the  front  section  II  has  a  smaller  cross- 
sectional  area  than  the  section  II  Furthermore, 
so  the  original  efflclrney  may  be  restored  by  a  com¬ 
paratively  slfrht  sedition  to  the  length  of  the 
silencer  19.  There  results,  hoarevrr.  a  consider¬ 
able  reduction  tn  -"eight  and  volume.  This  re¬ 
duces  the  coal  of  >he  silencer  and.  more  Import- 
«»  anti/,  improves  the  balance  of  the  firearm. 

Figs.  4  and  S  *>ow  a  modified  tom  of  the 
silencer  II  In  which  'he  rear  section  II  Is  built 
around  the  barrel  II  of  *he  firearm  12.  The  aide 
walls  of  the  section  21  ore  formed  bv  the  metal 
SO  tube  21  which  ts  closed  it  the  rear  by  an  end 
piece  29  securely  fastened  to  the  barrel  II  and 
at  Its  front  end  by  an  tpertured  and  flanged 
metal  due  II.  The  section  21  ts  substantially 
filled  with  heat  absorbing  material  In  the  form 
ft*  of  Myna  of  metal  screen  12  wrapped  around  the 
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barrel  !l.  To  i-nmll  the  powder  gum  to  enter 
f he  esctacc  It  Ultra  are  provided  *  number  of 
boles  it  through  the  wail  of  the  barrel  1 1 .  lusea 
M7.  Inc  example.  be  drilled  and.  a*  shown,  are 
arranged  In  four  row*  spaced  M  decrees  apart. 
The  dlsvmeo  at  the  first  hole  IS  fresa  the  breach 
of  the  CrerjiE  IS  Urtely  determines  the  munis 
velocity  the  bullet,  aesumln*  a  giro,  welaht  of 
bullet  ssd  a  (Itch  powder  charge.  It  has  bent 
found  that,  In  order  to  save  weight,  the  cat v 
dtemeUr  el  the  standard  bam!  mag  bo  turned 
down  somewhat  without  uoduiy  weakening  it. 
As  shown,  the  eect'ci  ST  may  be  eccentrically 
mounted,  with  the  larger  pan  under  the  barret 
II,  so  that  It  mar  be  of  larger  diameter  without 
interfering  U'S  the  line  of  sight. 

The  front  section  M  compilsos  *  metal  tube 
M  Internally  threaded  at  1U  rear  to  screw  onto  the 
threaded  end  of  the  barrel  II.  Internally  threaded 
at  it*  front  end  to  receive  the  annular  end  piece 
S3,  and  tilled  with  annular  discs  IS  of  metal 
screen. 

The  screen  Is  preferably  plated  with  seem  metal 
such,  tor  ream  pie,  as  On  before  the  discs  It  and 
34  art  punched.  It  bas  been  found  that  this  will 
largely  overcome  the  tendency  of  the  discs  to 
lisvtkxo  loose  wire  ends  which  might  accidentally 
come  into  coated  with  the  bullet  as  it  paaese 
through  them  and  adversely  affect  the  dispersion 
pattern.  The  bole#  in  the  diset  It  and  XI  are 
preferably  made  only  large  enough  to  insure 
clearance  for  the  bullet. 

What  Is  claimed  Is: 


I.  A  sOsceer  for  firearms  cranprldng  a  chamber 
and  a  plurality  of  annular  discs  o t  metal  screen 
powtkeed  within  said  chamber  transversely  er*th 
respect  to  the  looglUvthka’  aims  thereof,  cold  (Here 
6  being  stacked  one  upon  another  trader  coaspres- 
siou  and  substantially  filling  said  chamhsr  ex¬ 
cept  for  a  passageway  tberuthrough  pevridiag 
only  tomlmum  clears  noo  for  a  build. 
i.  A  tUrncer  In  accordance  rith  clean  1  in 
Id  which  said  dieca  are  plated  with  tin. 
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HKEtXM  MfZZ*E  ATTAl'II  .IKNT  AM)  i'ROtM1- 

TH.E  wmi  EXP.wsim  r.  ikitachabik  m  sn 

Rkhafd  I..  241  l*rtjn  ParUnj.  \t»  VofJt,  N.V. 

IKIM  Jan.  I  I.  >«A2.S*f.  No.  1*5.334 
I  Chuitt.  {CL  §*-—14) 

This  in%em*ofi  it  U<  a  rvwd  combination  roncfallv 
chnractcri/cJ  at  .*  firing  ripe c.  .n  f**c  example.  a  r.flr, 
which  h  particularly  adapted  to  the  firing  of  a  busk  bullet 
-./vi  husk  shot. 

Another  object  of  li  e  invenfioo  involve*  method* 

of  pfiijccung  such  bullets  with  a  view  to  m.rr.-vn?  the 
range,  fucur-r y  and  recoil  rclu«t:(w  of  the  f»nip  piece 
A*  t*  well  understood  in  the  art  »»f  liicjftv  iIk  >ncr:>a 
of  ihe  bullet  or  projectile  at  the  moment  «**"  fir  ire  nt.  i  p 
enormous  stresses  in  the  bullet  or  project  il%*  wli-h  uuv 
it  to  try  to  most  ofT  to  one  ndr  or  the  o.hcr  of  the  a\*s 
of  the  Ikhc  of  the  weapon  and  to  turn  w>  a*  to  c.niv r  it 
to  wobble  or  yaw  u%  n  mmn  down  th.*  tore  and  iimio 
from  it. 

Since  the  conventional  hllft  is  maJc  rvlitixeU  *ofi 
tnd  I'liCtile  wj  that  H  mill  properly  enf  igc  rating  of 
the  bai';cl  of  the  firing  picvc.  shew  cm^ntous  stresses  also 
cause  it  to  become  Jcfarnni  and  *nib«Iuns«d  I'pon 
its  exit  from  the  bote  of  the  firing  pin  ;  ibe  bullet  M.nr,» 
ihrv  distortions  or  wobbling  anJ  c«\lrJ  eofwl*l  ucv  caus¬ 
ing  m  'esultant  undevrahk*  ir.n’curjsy  at  r.i«re- 

The**  v jfkxn  tuvlcsircd  innditioc*  an!  *ic  in- 

crruol  the  -dKHtcir  the  bearing  surface  ot  the  p*.«ji.wl.le 
in  relation  to  nt  os  era!  I  length. 

An  tr.iperunt  object  of  th»s  invention  is  to  pr.is.  lf 
either  a  permanent  or  renvov able  -if  i.h.ocni  |.*t  ihe  b ,♦  c! 
rui/rhc  of  a  rdte.  fur  rt.itupk*.  uKkN  pu>.k.  'Sc  b'-lnl 
ba%k  onto  ihe  .  trs  H  the  rule  Kne  after  Ms  es.i  ihercliom 
and  senratKm  from  it»  b.  sk 

Ad  'iton.-.l  objects  »ik!  :  te  reduced  weight  of  fnt\k  due 
to  rcd*Ked  length.  »rvrc..wd  .IikIiKMv  of  hu«l  d.*c  lo  Je- 
crfjvJ  bulk.  rr.'ikcJ  hearing  mu)....'  »d  live  I  u*U  t  pilfer 
in  rffiiHMt  to  its  overall  lenc'h  »fi>c  to  the  xotiut 
iruUiW  of  asicleraiiun  at  the  nm//lc.  a«  1  iiKU  .  nJ  vgr. 
lililitt  of  attachment  due  to  J  sp!  gu-d-e  no-** 

pOCwC* 

A  Ji.r’h'f  objc.i  *s|.*p*oM.'e  Mkl»..n  ,.»it  .» hmerit  whnh 
in  t.*fji‘nnal»A»o  with  a  busk  Nifiwt  wld  glialH  uJckc  tlie 
»rc o.|  of  the  gun 

Still  another  •vhje-t  «si  the  insert. .vo  is  p.ov.lc  .-sH 
in  diMchnicni  wh..h  in  um  -.r  u*  -»  with  a  hu%k  bi.i'ct 
will  »*,r»c  to  "*! . i  lie  pr.^wtiU  pii*p»-i  Use  »'  * 

turbarves  rwirmalu  A  ms>l  be  lad  n;  «d  g  .^-s 

.1  ik*  I.hk  id  tfv  isA)».tlvc  of  l fw  •*•*!!«;!  pi.^.i  tio.i  IV 
fun  .>pj  »|S  allow  how  nl 

A  lunbci  »»*';.  »,l  iEf  ih  v  »nscn«,.*n  »s  i,»  f'..- »,•.  -  %h 
an  aMasHnwnt  s^h^h  p  runts  th*  »«  o(  h  .»*  hof!gts 
hastng  4  ret  discls  shnU  r  K  o  ne  s  .#i  «*c  »u  t!w  t-  ok.  ••.  . 

rrlalnwl  to  Ihc.f  •iiijll  Ik  R'1!**  »h.h  .•»%*.!. tic  lie  .raw 
uiiiiKs  ri  sulhne  fftcii  imb  d..i.w«  .  >..4*1.01  ..nl  ».c,i  nr 
of  the  tml**!  pi.^.r  gxniraUsJ  .*..nig  us  pi.»sl  *4  a%- 
ccit.'jihe 

Oihw  r  t.^Ksls  of  this  mu  fti  .*1  .i.f.uk-  -.stt  n*ih.vf^  t 
of  avteK'aimg  »r.t  fv.ftwitRg  hnlk>  unJei  w*- 1.1.0-  *  i 
ett/rme  j..niat. 

Still  arwa.'nr  »4*jfwi  rs  to  '*i..s»>k,  n«'\&l  ni*ih.s!«.  »»(  to. 
taiRing  NMliltn:  i,  n.  si  Ik  uii  »|t,  >i  .«t 

Ottwr  afwj  nhVi'  i  let  a  *h*.l  i^kM.  of  ihi  %.»('.  «' 

jpp  .rrpt  fi»sori  !*»  ng  ,1.  s  i  *j* •  i. .ii  »-f  l\  »m  - 

‘syfimeRI  <4  th<  tos«pii».^  illusUat*.!  »n  ih*  a  s.*mp*nv*n^ 
di  .\»mr 

l.i  the  divUifsgv 

!  It. I  I  »•  a  sntn.t.  *<nli.>l  .hk'.  v.lton  <1  *,»  w 

through  .  pswuoo  ol  ~  hek  bwlkt  sa.tintgw  p.»sii.'^K  J  m 
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the  firinij  ch  ifuher  of  a  rifle  to  which  the  anti-recoil  i:wi 
gui.bng  .dt.nnment  of  this  invention  has  been  applied; 

I  Ki(:KI:  2  is  a  sifnd.if  sn;w  of  tiw  rru//lt*  and  of  the 
barrel  dwmjnp  the  hu*k  bullet  itH»ut  to  emerge  from  it; 

I  1C »t  K!  t  is  a  Mitn.'ar  sicw  showing  successive  vlagrs 
$  of  the  firing  .i»v!  illustrating  the  s«.p  tfalion  of  tlie  bullet 
pioj'cr  Iron*  t»K*  husk:  :.nd 

I  ftil'Kl  4  is  3  siml.il  v.ew  sluniipg  a  stilt  l.der  stage 
in  the  ogv  iat-.wi  of  IK  ties kc.  n  .ns-!>  pist  after  the  buliet 
proner  has  ovik-J  iron*  the  .itt.ichmcnt  but  with  the  husk 
I*1  stiff  m  i'k*  at.  vhmcitl  arv.1  momentarily  tr.-pp.ng  the  gases 
K'hm.l  it 

I  he  siibjesl  matter  of  this  imcr>iu>n  biv  tie  grin>e 
ur.’itv  nt  c.snfwvtion  with  the  filing  «»f  husk  bullets.  J-iivh 
a  bullet  is  <lli«-'i.iti*d  in  orv*  form  in  ths  drawings  attached 
L’»  he'ito 

As  ill.i.!i.iirJ  tn  I  f(t  ?.  the  barrel  f*  of  a  rifle,  for 
rs  in.fi.-.  is  gf.u»  Ud  %suh  a  smtaHs  rohd  K»re  12.  whwts 
uv:mniih  .*?i  swi.fi  the  I  nn?  eh.onber 

lh>-  *•  »sl  indkit  *»nsis|-,  of  a  sh**ft  cslint'ru'.il  »4*fc  mclal 
-1*  *i.p  ?«•  a  hull  is  wiureJ  ar*M*r..t  ths*  traihr.g  eJgv  of  the 
pi-wdiV  pr**^  r  2§  I h’\  n»fis*si  lc  will  be  mule  of  any 
i»f  | he  rot-’  ills  uai.ilU  iV  uLibk-  fisc  this  puipoyf.  arvj 
..in  id  k.Ntise.  ';».lude  pi  Hit  shtw  .ikb  as  u<  I  m  shoe 
•  ns  3  be  cup  24  s.in  K*  rv*Jc  in  larn'os  imn*s.  but  a« 
iltusii is  .4  tihndn.'.il  f.-im  and  li>if;tih!isjiv  sp!ir. 
sm  .*pp.  -ite  si»?v s  fit>m  it.  «ixn  cr  i  to  arwf  j.!|M.cnl  its 
iW.I  ;id,  as  is  lifj:  li  tni  I  H  i  V  Iha.iip  is  inmpcsl, 
vcmenii  .1.  or  **thciw.sc  alt.uhed  to  the  prt^Mie  pri*ps«r 
s.«  as  to  f.wRi  a  wn»t.»r\  assent*  Is  pra«r  to  fifing 
“*l*  A.  «s  iU  if  irom  I  Iti.  2.  the  r sternal  ilt.imrirf  of  the 
evp  is  pr"g.i!i  a  ‘iiish'J  I**  the  h-rc  i*f  tlie  rifle  to  form 
the  u-u.d  14  s.h  le  *he  p,«»Kviilc  pii'pcr  II  is  «*f  leaser 
Ji.nsM  n.l  ..in  b.oe  tJ.'loinl  li-rits  .»s  for  c sample  a 
l'*nc  ro.nl  *W  a  sThMI  point,  as  tl.i.lfalcd  11k-  lenrlh 
3  *  »4  «fw  .up  24  as  wdl  appe  .t  .  in  N:  e.insnlef aids 

shorter  th.-n  »im!  f  t\-  h^hiu  I  in  ifw  rws*m.»l  .j.f  i»»  pre¬ 
vent  W.s*^  I,  li  f n  /  g.  taW.R;-  .inj  tfie  l.-le  I  he  shffl 
pr  *fvr  >.  v.  !  ii  ■  I  *i  ot  o»uivt  ptos^Vd  w»;h  ihe  usual 
cxpi.vs'se  ««srt.  r.%  *nd  fl  ing  i.»p.  raw  -houn 
1  In  ihe  f\  rrn  lilusiratcd  the  t.im  ral  ^nd  14  of  lb.:  bar¬ 
rel  S®  is  ik  redtwid  i  yiirol  uurt<l<l  arwl  pris 

isiid  With  etlt'Ral  threads  bv  m .an.  ««f  whwn  ihe  '!eeve 
14.4  the  rv..-«l  and  rnwf  n;-  jliachmenl  n  w., uied  ikr^cfo 
.  bv  4**»iptvf»Kiv  »t  imeind  t<uea.ls  In  t».in.  ihe  .  rwi  of 
1  the  sleeve  I*  **  ifrtci Hally  tbic-whd  i«*  fs.eoe  a  vote  «< 
fr's  pe.e  St  h  rae.ns  of  ..aupknief4jr>  ‘hrfj.lv  »s 
sh.»wo  the  **t-  IX  »%  pt.uior.s’  wi*h  a  «.>hr*d4K.»l  p.v 
S  re  th.-  ,\  %  «K  si  kH  lu  s  I fic  aVis  i.*?  ll  »  bs*fr  of 

j  the  bj  »tl  I  Si*  p.  "  irv  iimsols  «»f  a  lf'-n*.»:ed  tins  aJ 
Sfihfi  21  .  *d  «  ..«<«wenlliv  i*  |in.!*,i.»|  g"Kk,‘  K»ff  *Ci I *»’ n 
22  IN  di  am  %  r  **f  tb*  guide  h  if  sd'<,n  22  i\  less 
ih-u  the  d.jnuur  *.t  tin*  Kir  id  tli«*  b.-Mtl  and  o  pi,f- 
if..'  Is  lil.U-i  *R  it.  d|.;ue.‘CI  t.»  llw  .li.mrtef  of  iN*  \  *•» 

*  id.  Id  *.♦  jt  i.i  pr,  uk  *  fi-hl  f*f*  *s  fit  t,-»rcw*ih  J  he 
Ji  i'sM  *4  i»e  «nii-*w*v  i nJ  .*«■  %«w*w.d  p.-fiw-n  2# 
»-  <«4*  I  I,*  tN.  »r»*r'.l  d:«PKl«r  «l  ihe  84.  s.»  ts 

v.«  {<-.n  a  simple  it.»n*ii‘*K»  psunt  if-yrewiib  fit  .«  pu¬ 
p's  ><’  i  m  lj>  s.l  3  >H  r  I  lie  i »  hrv.fi  v  a  I  gi>».te  b»*r  »■  see  - 
.(l  2d  id  ibv  iv-<»  pe»e  ;i:i  t%r  ibli  h  »s  >  length  aNw.i 
t-4"d  u*  tV  l.neth  .4  'Ik*  Uar»ng  surf.^c  of  the  Kdkf 
grojvr  *-» 

t  S*  --fu  I*  i»  ptiMukil  w*ih  a  s*- r es  of  i  ad.it  pw. 
••i-.'s*  21  ••  I  i.h  p<  i  s  .pc  p.*T%  I  f  the  esp!»»*.ve 

y  t  IW'S  Il  iH-  p»  •  ,  *s  m  l\  t\  «1|  Va»N-'l\  fit  nix  Illvh  •. 

>|  .  fv  u  i.s  ska*.  ,fi|  i?v  like,  ard  ih»-v  rt»av 
N-  4is»r  ,»*•  »,  t  .e  «  .  p  ticrn.  i  if*  t.rnl. irnti.*ll\  ..i.wmd 

•h*'  *k  x  ve  I  b.  v  |S'.i\  *4  oiic  (s'ftj  u*  live  vm.|!.n 

lif-  i  f  p"l»  '  *»st  |»  iiv:.|  tr»  s  ion  lanu  td  j  in 
>k  t*«*kes.  I*  *  *4  .  JiRi<n  •  '.*r *  i-.ii//k'  hi  do  and  the  |,le 

.IIS.,  .4  I  -I’lH  *  IS  s.  miUir.  s  iiiKH'.  ftn  s  may  h-  -..ode 
(jdp-lv(at-k  fl  lln  J'vh'lta’  Ilia 
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When  a  I  ring  piece  in  accordance  with  thiv  invention  I*»G.  d  illustrat  e  arw*:l*!  advantage  of  utilitarian  f?a- 

It  fired  the- rsplo*.jvc  in  the  cartridge  casm**  is  aciivjicJ  in  lure  of  the  subject  mat  er  of  fhi%  invention:  as  •*  well 

Lhe  Utral  m  inner,  genera’.ine  tremendous  gas  pressure  he*  known  in  *hi%  s-:  the  explosive  paves  which  surround  the 

hhv.‘  :he  husk  14  font'i.mng  tl*c  profecifc  2*  The  tu.sk  ir.ri’lnp  edee  o'  If*-  projectile  a:  *ne  rmuvcni  tif  issue 

bullet  i»  therefore  rapidly  accelerated  down  the  barrel  5  from  the  Korea  ’cmi  to  engulf  and  Uisiu:  n  the  f.."hi  of 

I®  in  the  usual  manner  anJ  (wnn  into  the  casing  termed  the  projectile  an»j  to  that  extent  reduce  the  accuracy  of 
t*y  she  sleeve  S4  and  the  core  IS  to  a  condition  rllus-  flight.  A»  illcstjted  in  MG.  •!,  tl<  trappinv  *.,r  tf»c  e*- 

tra’ed  in  FIG  3.  4s  mx>d  .is  tlx  husk  Pullet  r>  released  plovvi.  j.jvcs  within  the  attachment  h>  th<*  hiok  24.  al- 

frooi  the  riivh.tr gc  end  of  the  Parrel  10.  the  h'**k  24  ihiv  .h  momentary,  is  vuJWk  nt  10  perr*it  t!»e  proict. He  2H 

opens  up  under  t!v  fi*r»rs  a'tcnriar:  at  high  ickvitv.  yp.i*  in  to  pet  •-cIS  storied  <*n  itv  larht  hcf*»TC  the  h.oV  is  cnuti.  1! 
rate*  substantially  from  the  projectile  28.  a  ;o  s’-  'cs  il  'np  arj  the  pr,  v %  teem  to  evape.  The  result  is  th.,i  huh*  if 

the  irderior  surface  of  the  p.iwope  in  the  sleeve  14  t  ntil  a  <y  disturbance  of  the  f!;yhi  of  the  proprcMe  resuhv  from 

it  engages  the  entrance  end  of  the  conical  por’ion  29.  host  pax's. 

t.%  illustrated  in  MG.  3.  This  causes  live  h*»*k  to  he  In  view  «»f  the  above  description  of  one  embodiment  of 

datively  decelerated  with  respect  in  tie  projectile  28.  v»  |.»  this  inscn.ion  illustrating  the  principles  ihcrrol.  it  will  ise 
that  the  projectile  pro»fcsv.*s  onward!)  a*  an  rntteperdent  a  pparent  ict  *hox  skilled  in  the  an  1K4I  many  of  the  Mine- 
pi*ce  into  the  pasvapr  22.  This  passage  being  a,.  ura'.cK  l.  r.il  (kl:>il«  I  a*  rein  »li*.|-.»xd  can  he  v  cried  without  »U*p-*r*» 

positioned  on  the  am  of  the  Parrel  and  kiting  a  h-  ht  it ir  from  the  toscl  subject  m. titer  of  this  imeniH-n  I:  1% 

press  (x  with  the  projectile  28  readies  it.  taking  away  preferred,  therefore,  that  the  wore  of  proieciion  uff.fdoJ 

Fom  it  any  wohNirp  or  oft  course  movement  that  it  may  :M  b.rchy  hr  determined  h>  the  4L1.cn  „*  the  selected  cm* 
have.  hvliwm  i>  p*» .sided  for  iUudrvtoe  purposes  only. 

At  the  same  tir»e  the  decelerated  hosl  28  blocks  tin*  V*h.it  is  claimed  »• . 


movement  *»f  the  cxploxisc  gaxs  issuing  fr  jn  the  barrel  A  firearm  comprising  i  .  combination  *  preset  ik*.  am 

behind  it  sufficient!)  10  m.ccax  their  pressure,  l^s*  <•apans.Hr.  detail.  ihk  hisk  xcurcd  to  said  pr«’fCtr>lc.  vki 
gases  therefore  tend  to  Jiwharp*  threuph  the  ports  24  at  £•>  husk  hem?  ..up  shape*'  a  *d  having  an  end  w  .11  ard  a 
an  increased  tcloctiv  whish  dixharpc  con'in-rrs  ani*  »>  pluratitv  of  interra).  •  *parahle  ouvri  w;.l|  p<*riioris.  a 
Aided  when  the  cor.J.;*i>p  »lliisfr:.ted  in  .  Hi.  4  rs  ^eas'hcd  gun  k.itd  ha»i  ig  a  pi>^,':ilc  is>fe.  arj  a  projeci  e  sta 
where  the  husk  h  o  Kcr  forced  irto  the  ci.i.le  K*rp  22  :i»!  hiloni^  ms-.-ns  ,»  the  r\u  en  !  *<f  vacl  l  and  hav.ne  an 
funlier  temk  *j  M«vk  the  ex  a  pc  of  :Se  g.  ses  except  nperttired  h'ok  :  nd  pas  confining  oli.vJncal  w.sll  t.um- 
through  the  pom  24.  I<  w»l!  he  apparent,  the^rfore.  that  3d  ing  a  chaniK’r  wjth  an  inierraf  diameter  greater  than  that 
the  minimum  of  recoil  utforded  hy  this  *Vs.c<  rs  en-  of  •  ikJ  k»re.  scud  means  having  a  projcc'ih*  guiding  cut 
barter  I  h>  the  moment  .r>  funv.irJ  stecc  let  alios  of  *!e  pa'v.pc  having  a  diameter  kw  »hj#»  that  .  f  vid  hore  and 
rapidly  mosmj  evplovise  ga'cs  arvl  ih.r.r  resu)t.<ni  »n.  providing  a  light  |.rcs%  f.t  fk*f  v*h!  profeeiilc  and  a  ow*- 
Cfratevl  vchviiy  d  xharge  laterally  ih/oi  fh  the  p*»r«v  24  prv*ssMwt  hi  f.  1  vsij  husk,  sad  means  akrt  h  »s»r.p  a  corneal 
Going  hack  it  will  he  seen  that  a*  th*-  expanded  husk  3.'.  p...*.pe  vi*»vcryine  into  mhI  ext  p..".i*e  .iu|  ,ivt  rf  to 
24  reaches  the  tapered  pa>s.)ae  2#  .»  will  he  jradudlt  c«vnrr.»ct  s.*j  husk  f%*r  mts*m<iit  tMoarh  '^?d  p.iv. «;v. 
conlr.ictcd  or  closed  hack  10  its  or.f>'l  c*wk!i:.on  In  *-*»d  hu^k  h.-mp  tlcUehcd  in  and  c\p„vfcd  info  cornet 
»ddukn  tt  will  K*  comp " csx J  as  the  f«*r.e  o:  *fw  i.iei  with  w.,»|  %.f  *;,»j  shamhc-  arwl  Ix-ng  con:r.KirO  .»rvl 


Mii'cs  it  throuyh  the  p  ^k  Me  pi‘v.ip<  22  I  he  hu*L 
hetng  hi»ll«vw  ,-ta!  of  %c»ft.  dcfswmaMe.  sliKiilc  m  ilctial  b* 
wxh  av  c»TPxr.  fs'r  evample.  can  lv  cr  i..*- 

tractef  \ufl<  Knt|>  uv  tk-t  it  w»n  Ir  forced  ir.c.wigh  th.* 
gtxtde  horc  pavxi-r  22  and  epcied  heb.nd  the  piojtcnW 


dsijved  hv  s.i.j  %,«ntc..|  fuu.»gr  fi^r  trading  rmssemert 
ihrouph  va’d  exit  pavs.icc  Kh. nd  sa.l  proKciiie. 

Rdnmro  C*»led  in  :be  tile  o.  •*..%  patent 
IMIII>  SI  AT  I  S  PA  If  MS 


28  Ounng  l|*c  pernv)  *4  o^npfoui’n  and  *»l  ‘its  p»»ff  . . . . . . (\l  ss  j  ^t 

the  ht.vk  tf*c  explosive  faset  will  K*  nrlatixiv  mje.’ol  »n  2  112  LM  f'utis . Apr  V  ivU 

their  forward  run**,  ihervhy  uxrras.nc  their  icnd.iK-s.  2  ll«d»2*  I  if  .in . Apr  >,  |uth 

•s  previously  rxylaineJ.  tv»ng  rgiicJ  at  ocn  hiyhsf  Tmcick  ct  al.  . . Star  id,  |U4t 

vciocrfKs  ihrvMgh  the  psHit  24  2.842.024  M  iCrr . .  Juis  n  195.. 
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.APPENDIX  F 


relative  loudness  of  discreet  sound  pulses 


Presently  there  exist*  no  analytical  criterion  for  estimating 
loudness  of  a  transient  sound  signal  from  its  pressure-time  history. 
The  usual  means  cf  measuring  and  specifying  such  signals  is  by  their 
peak  SPL's.  Since  loudness  of  a  discreet  sound  signal  is  also  time 
dependent,  it  is  important  to  re-examine  the  qualitative  significance 
of  this  dependence,  i  he  most  reliable  and  revealing  data  are  to  be 
found  in  the  cootm:.'.'/  used  equal-loudne  s  s -level  contours  for  con¬ 
tinuous  pure  tones.  The  frequency  range  below  approximately 
200  cps  is  of  little  use  here,  since  the  single  cycle  time  periods 
of  these  tone  are  well  above  that  to  be  found  in  small  arms  so-ind 
signatures.  WitSun  the  frequency  range  from  200  to  8000  cps,  the 
loudness  level  (phons)  of  a  pure  tune  of  given  SPL  is  approximately 
independent  of  frequency.  Above  this  range  the  loudness  level  de¬ 
crease*,^  a  first  approximation,  directly  with  frequency.  All 
attempts  to  exemplify  the  human  ear  by  a  damned  spring -mass  system 
seem  to  fail  in  explaining  the  above  frequency-loudness  relationship. 
However,  through  i:;ductive  reasoning,  the  whole  loudt-.ess  level  spec¬ 
trum  as  described  above  can  be  reprsented  by: 


d) 


(2) 


LL  =  loudness  ievel  in  phons; 
pm  -  peak  sound  pressure; 
f  =  pure  lone  frequency,  cps. 

The  pressure-time  area  !JHit)  cf  the  positive  half-cycle  of  a  sinus 
oiual lone  is 
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A  =  -*3 1  =  2P.r.(T/2) 

Tf  f  IT 


(3) 


where 


T/2  =  l/2f,  half-cycle  time  duration. 

Thus,  the  loudness  levels  can  be  defined  in  terms  of  the  recurrent 
character  of  the  pure  tone  i.  e.  , 


200  <  f<  8000, 
f>  8000, 


IAj  «  20  log 


Pm 
.  0002 

LL  bb  20  log  ._?!? _ 

.  0002 


(4) 


,0  (A^-±) 

'  Ascoo  ’ 


Or,  in  terms  of  the  positive  half-cycle  time  durations, 
200  <f<  8000, 


LI,«  20  log  . Pm 

.0002 


f>  8000, 
where 


LL  K)  20  log 


Pm 


.0002 


*  \ 


(T/2),w  -  (T/2? ) 


(5) 


(T/2) 


ktoo 


1 


(T/2)8000  =  1/2(8000)  =  .063ms 
The  last  equations  indicate  that: 


1.  Up  to  approximately  C000  cps,  the  tone  loudness  level  iB 
essentially  equal  to  peak  SPL. 

2.  Above  approximately  8000  cps,  the  tone  loudness  decreases 
almost  proportionately  to  the  tone's  half-cycle  time  duration 

If  the  same  conclusions  are  applied  ;o  the  singular  sound  pulses, 
their  loudness  levels  can  be  expressed  by: 

p 

.  063  ms  <  t  <2,  5  rr»-v  LL  20  log  — qqo2 

(6) 

I  <  .  063  ms  ,  LL»20  log  -^-,0(^5-!) 
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where 


t  =  time  duration  of  the  sound  pulse  in  ms. 

This  suggests  that  the  loucineso  level  of  a  sound  pulse  longer  in 
time  duration  than  approximately  0.0 63  millisecond  is  numerically 
equivalent  to  the  peak  SPL,.  The  loudness  level  of  a  nound  pulse 
shorter  in  time  duration  than  0,  063  millisecond  decreases  approx¬ 
imately  as  its  time  duration.  This  is  partially  borne  out  by  the 
records  of  silencers  fired  at  Frankford  Arsenal  and  partially  by  the 
widespread  tendency  to  specify  transient  sounds  by  their  peak  SPL.. 
Although qualita tively significant,  to  date  the  above  equations  are 
based  only  on  a  somewhat  boldly  assumed  analogy  between  transient 
and  continuous  sounds. 

It  is  interesting  to  note  that  the  "loudness  level"  (phons)  is 
not  representative  of  how  loud  a  signal  sounds.  In  other  words,  the 
loudness  of  a  signaldoes  not  double  with  doubling  of  number  of  phons. 
The  true  loudness  is  represented  by  genes,  which  are  related  to 
phone  by 

L  a  io*033(LL  -  40} 


where 

L  =  loudness  in  sones. 

From  previous  analysis,  if  the  sound  pulses  to  be  dealt  with 
are  longer  t^&n  0.  063  millisecond,  the  loudness  in  a  ones  can  be 
represented  by, 

L  =  I0‘033^SPL',rajI  '  40^  (8) 

which  is  dependent  only  on  the  peak  sound  pressure  level.  A  plot 
of  loudness  (L)  vs  peak  SPL  follows.  Here  may  be  seen  the  true 
relationship  between  peak  SPL  and  hew  loud  the  signa.1  actually 
sounds.  As  an  example,  a  signal  of  102  db  peak  SPL  sounds  twice 
as  loud  as  a  signal  of  90  db,  since  the  latter  is  half  the  number  of 
sones  oi  the  former. 
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